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8M9 Vale one logy (Volcanic Stratigraphy, 
STkATIORAPHIC KELATluUS AND SOURCE ARIAS OF ASH-FU™ 
SHEETS OF THE BLACK MOUNTAIN AND STONEWALL IOUNTAI* 
VOLCANIC CZHTEHS, NEVADA 

0. C. Noble (Haokay School of Hina*. UnlwrsUV ot 
N'uvada - Reno, Rena. Novadn 69557) , T. A. VPR*I • s ‘ *' 
L'elea, J. W. Erwin, E. H. HcKee and L. H. Vgultiar 
Xoc.nt work hn. resulted In Mjor ch.ngn. In * hJ ' 
airat (graphic corre la ilona and aource-are. ..•IRnM"' 1 
of ash- f lew eh. at* of rh* Isle Hlocwn. Black Hounial™ 
and Sconovall , fountain volcanic ten tare, aouthern 
Nnvnda, Aah-flow luff, anpo.ad around Stnaaaall 
Houniain have difforent iraco-olowuic pattern* end 
thetBorenanonc Hgnaelaaelon directions Ijian do 
flow a heats of thn Thlratv Canyon Tuff, nruptnd !»• 
the Black Mountain eencar, trich which they warj »«" 

viouslv corn I a ted. Hafnlua concent rat lope nr* P“‘ 
ticularlv uaoful In dlatinguiahlng the aagaacoplcau? 

and pattographlcelly alnllnr tuff* or the 1“° c ‘ in “' 

Thn aah-flow ehoeL overlying tha Spnarhead Hrrter > n 
thn Stonewall Kountoln area, herein nued th* CI« E 
.at Canyon Winter, can be tratad northward ecntlBO’ 
oualy fron outriov fncloe aouth of Stonewall 
10 near- van r faclaa on the iduiharn flank. of Stoorwan 
Mountain. Thla. in conlunccltu with dlotrlbntlon. 
thloarneoa, and racial cal at Iona show that Cheaa 
ate tha oucllow rheocs or tha StoneWAll Hountal" «»• 
— ‘ a new for- 


c«ntar|. they are herein naalgnad to.* *“*“ 
«, thn Stonewall Flat Tuff of I*t* Hlocane aga. 
previously Hipped naar Black Mountali, 8 " th °. , , 


labyrinth Canyon Kaaber (herein abandoned} pro oorrt' 
latad an tha boats of treca-elaaent , palavoagdatlti 
pitrograpfaic.. and rad loan trie ago data wi(h the 
Spearhead KnA, r at OaldMold. Tgffa pferHUW^ . 


oprarneao Henfcar at Ooldf [aid. Turfa BfeTlM>*‘F ' 
signed C« cha ^paarhaad «u*ar In Lha Slack ""f **“ 

, J**L ar * r, * ,s fR na ' ! to the 7a hum Hein Sa»lier <n**d 


. . * taaielgnad to the Pahuc* Ha»n Ne»»f ‘"V' 

or tha Thirsty Canyon Tufr. Thn Stonewall Hount»f n 
vel canto center. la thus alight ly youngsr th*n the 
■lack Mountain cantat, and tha period *f tla* 
which the Hath Mountain cpn tar waa aetlmi ptaW«» 
"pa appraelably shorter than prav Iona ly InfiTfe^'- . 
RanoRnltldn of the' 8 toHa«all FI pi TU/f'aa a MpB | J .. a 


.etratlgrnphle and fanatic, amity eriablys ua to 

0* RAologlia! inconalataKlea. ‘“'“'“"‘.'j 


^_«u»ar Of aeologlial Inconel, tone lot, 

"' l " d n*y>-*ttlc distribution aravlPaaly , sttf l tnl ^ 
W th* Thirsty Canyon Tuff, fiaraeVar.- the 
■»rif 4 naL vaipiu of%ha Thlnty CanytHl Tuff U /JJ* 
..flBaaUy.raducsd. lnnraaalng the lapottdnce of W* 
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ORIGIN OF rjJYOTS; THE BEACI.P. TO SKABEAH 
II. N. Hnnnrd flnntftuto of Karina Rondures* and Scrlfp 
Institution of nccnnopraphY, Ln Jolla, CA 92093} 
Thomal auhal.lcnco would have drowned anciant volci* lf 
iBlandn (DAVI), Anci.mL volcanoon, if active at P«" rt 
raton in the naln oconn l.anlnu, would hava producad 

I. 5-3 tlioan thn ohai.rvt-d nunbor of DAVI, Shnllcw-vil»' 
(ndlcstore have hoon coll.crnd from 111 of guyoti an" 
nnothor 11 appear to bo drowned barrier r*sf* or aiel u 
on ref lor tian profiles. A mlnlnum of b5l of DAVI U* 
down drift f rnn hot spota that generate volcanic 
Islands. Thn PAV1 hnvo the nnma 3-4 k* rnllnf «e tM 
Islands would have If rruncatod. Nona tlie las* hypotbu^ 
ol a constructional origin Of guvota eonlinus to ba P«7" 
posed, Rslaclvn to thoan hypothosos ara the follwinf 
(1) all four largo, actlva aubmarlee volconoea that M' 
been surveyed lack flat tops and (21 aany aeall. 
Inactive, relatively flat-toppod volcanoes ace ton** 1 *** 
tlonal forma but no no vith more than 2 tad relief *' 
known to be. Thus It In probable that all guyoti wtu 
nnro than 2 km or relief are DAVI but tha possible a*- 
lateeca of largar construct Iona L forms IB not 

Thera la no avidance that guyots large unougb to ba s 
lot erase In studying tha epalrogenlo history *3 ***" 
plate swells am not DAVI, 

J. Geophya. Rea. , B, Paper J.BGI52 


E. C. Bullard’s First 
Heat-Probe 


Elizabeth N . Shor 

2655 Ellen town Road, La Jolla, CA 92US7 


Sir Edward Bullard in 1 1173 suit I 10 me. 
“Belly, I winl in tell you huw my lirsi ocean 
heal -flow instrumeni was made in die sum- 
mer of KM‘J." He was then tin his annual 3- 
month visit io Scripps Insiiuuion of Oceanog- 
raphy and knew that I was writing ;i history 
of the institution. Teddy (:« he preferred io 
be called) was proud of his panic ipat ion in 
measuring the Row nf lie.u ai sea. The iiismi- 
menl that he described that day never made 
a heat- Row ineasiireinent. but ii did c&iablhh 
ihe technique ihut has been used lor more 
than 30 years. 

The following accounl is a slightly sliort* 
ened version of our laped cnnversatinii on 


August 5, 1073 (the original audio cassette is 


in me archives of Scripps Institution nf 


Oceanography, item 81-84). Unfortunately, 
ihe reader loses the charm of Teddy’s voice 
and accent, but here (dr history arc his 
words. 


Bullard: I first became interested in iieat 
How in the early 1930's. I'll send you a copy 
of a jiapcr i hut describes sonic of the back- 
ground of the early work on |;md \liullanl, 
I93!)|. It was the Uiiiish Associaiion, which is 
like your triple- A S— had a icnniniuee »hi the 
suhjcri, with Man, hi Jell revs on it. In die pe- 
riod just heli ti c die war I was developing 
methods nt making Ileal -I low mt-asurciitciils 
on laud, whidi had been done cxir.ionliuarily 
bully hclore, and hardly anyiliiug li.id lu-en 
done since about lNHlt. There was a previous 
Urilislt Association coininiltec way hark in ihe 
]KHU\ and I have written a liisi'irical paper 
on this. The liistnric.il paper is in Willie Lev's 
hook tm heat How !%*■). Ile'iljsked 

me to write a siiniiuai’i/iiig ihapiei tm ihe 
honk, and I said I woiildn'l doili.il. Iwiaiise 

it’s too dull a riling in id iheii he wnae 

io me and said lie though) diis was most nn- 
reasoiuihle and iinpiopci <>| me, and lie saw 
iiu reason why I slionldn'i wriic a siiinuniri/- 
ing clupier. And so I wreae an hisioiii.il 
chaplet which was i rally a smi ol joke chap- 
ter and was mostly ahoiii die study ol heat 
How in ihe 17i|i cciuurv. hm n does give lit*? 
more recent sttilL 

Well. then, shortly before die war 1 began 
tu think about measuring heat flow ai sea. 

And die war in 'S*’l — die war oveiionk die 
plan, and we didn't do anything about u. 

Shor: Had you dcvclojicd .m insniimcm at 
that lime? 

Bullard: No, I had developed the ideas for 
the instrument but we bad done no hardware 
development, but I knew wltat 1 wanted to 
do. And we had two schemes Ihr doing it: 
one was the one wc eventually adopted of 
putting a spike ill, and the other was the idea 
or pulling a kind of mattress on the seaRoor 
and leaving it there and measuring the tem- 
perature gradient through it. Then, after the 
war I couldn't do iliis because 1 couldn’t get a 
ship. Diicovery was being used for replenish- 
ing lighthouses, and there was no British 
oceanographic ship available immediately af- 
Ler the war. Then I tried to get Maurice Ew- 
ing to cooperate. He said he couldn't spare 
any ship Lime for this purpose. He’d just 
gone to Lanionl. I’d known him— I’d been to 
sea with him before the war when he was at 
Lehigh, in connection with seismic work. 

Well, then I went to Canada. I took a job in 
Canada, going up there in March 19*|8. And 
in the summer of '48 I paid a brief visit to 
California. It was iny first visit to La Jolla. 
Louis Slichtcr used to run a conference on 
geophysics every year [at the University of 
Califurniii, Los Angeles], l went to that, and 
Louis brought me down here afterwards, and 
l came down here and met Roger Revelle 
and Walter Minik. My memory is that I went 
to a jiarty at Roger's, and I met a lot nf 
hlutides. I remember La Jolla as being full of 
blondes. 

1 got on very well with Walter and Roger. 
Ihcy asked me to Lome back the next sum- 
mer. I forget exactly when, but I got a letter 
inviting me to work for the summer down ^ 
here, and I said there were several things I'd 
like to do and one of them was the hcai-llow 
measurement. And I came down here, proba- 
bly June. July 1 949. And I got here mid it 
was suggested that 1 take oil Art Maxwell, 
who was a graduate student. 


Elizabeth N, Shor bwj 
miwl in Lead, South Da- 
kola, attended Pasadena 
Cify College ( I year) and 
Wellesley College (2 years). 


Well, anyway. I decided (u do two things: ) 

to investigate the westward drift of die earth's i 
magnetic field, which was a dau analysis i 

problem, and to try and build .in apparatus i 
for measuring heat Mow. Well, (lieu I went m ; 
Roger and said we'd like stmic workshop ] 

lime. Anil Roger said lie was sorry, the work- ] 
shop was completely taken up with urgent ] 
work, and u was impossible to give any work- i 
shop assistance. So I decided that we'fi build 
the tiling ourselves. So 1 went around to the 
fellows and f hadn't gni any workshop assist- 
ance— couldn't wc wink in die workshop, Ari 
Maxwell and myself? This was obviously a 
slightly embarrassing matter. Bui we went 
down io the old workshop in the old shed. I 
got an ullicc — I shared an office with Waller 
Mimk, over die old director's otfu.e in die 
original building of Scripps. 

Well, we settled duwn. This was a substan- 
tial job. We designed whut— it was the lirsi 
time I think that anyone ;u Scripps had had u 
watertight equipment for use in die deep sea. 

1 remember the expert advice fiimi ||nlin I).| 
Isaacs, and so on, was vel y much agaiiiM this. 
They wanted iis io build an equipment dial 
was full nf nil — die recorder, llie eleclimiiis 
and eveiyiliiug imniersed in oil. And I derid- 
ed against this. I dei ided io build ,i w.ilo • 
light apparatus made w.iiniiglii with t Mings 
Thai was. I think. In .uni nrw. Anil we had 
some iiileirtiing expel iemes with it. 

Hist ol all, we bad gieul tlillindiv in gel- 
ling siiUK-ii-mly st mug lulling— alloy sin l 
lulling seemed mil lu be avaiLilib' in sort nil- 
inch ihirknessc's li inches diameiei . We even- 
tually fm i ml i I i.ii die pen] ile who iii.uli: hall 
rates— hall bearings — made iliciu bv viking 
ilicm nir steel lubes, and one ol ilic iiuiiuf-u- 
liners nt ball hearings and lull rates supplied 
us with a piei e id lulling. Ami we goi some 
etui plates « nil »d good ,dh>\. I be stull was 
abuiii li imho iiuetti.il diaiix'ier and alumi 
tin ee qiiarii'is •■! an iiu li llikk. soineiliing 
like dial. And "e made up ihiiigs mu ol lilts, 
widi ( Mings ( >1 con ise. die i Ming had been 
illtlinlmeil origin. ill' lot .iilii.ill-livdi.mln 
svsieins liming llie wai and wjs iheii iiilio- 
dmed inn, die liiauimii dillusimi plain as a 
maun ol making ii pievsine iigln. And I'd 
known ol ii It hiii iliese smiucs. And de- 
eklctl m use iliis. And il pimul eMIeiiidv 
efTetiive. We ueiU mil and lesied these ,mi- 
laineis, and wc neiei had a leak. I ve nciei 
had a leak Irtun an U-iing couiainei ai sea. 
The' re used in evei silting H"" "l imit-e 
Tliev'rc used m camel as and wmiiu equip- 
ment and .ill kinds ol things. 

And we made a very clumsy app.ii.uiis Ini 
this purpose. We decided io do something 
which I thought I understood rather titan 
something 1 dkln’t. So wc buuglil — at least I 
got bum "ihe British Admiralty— gal vaumn- 
elers. which were very robust and which 
coulcl be used horizon tally. And wc fixed 
these and used photographic recording and 
thermocouples. Su il was thoroughly old-fash- 
ioned equipment: no electronics: phniu- 
graphic recording, galvanometers, reversing 
switches for eliminating thermal emrs in the 
equipment. And this equipment I afterwards 
used myself, so it is the equipment I describe 
in rny first paper [Bullard, 1954]. 

Well, we decided to allow the full pressure 
to come on the probe itself. So the probe it- 
self was filled with oil. and the recorder was 
full or air. And we had pressure-tight connec- 
tions between the two, and — sort of looking 
back— the whole technique of fitting the con- 
nections through — I remember we had a 
good deal of trouble with getting the connec- 
tions i It rough, and eventually I decided there 
was loo much advice in the workshop nn iliis, 
and I took the end plates home. I took tins 
home, and heated it on a gas range anil sol- 
dered the connections in — little glass cnnnec- 
mrs with a little metal skin, nnd soldered 

them in. .... 

Short Was ArL Maxwell working closely on 

this?" 

Bullard: He wa* working oil tins— we were 
bulb working on the lathe making tins thing. 
Of course, wc hud to make this photographic 
recorder; you sec. we had to niuke a photo- 
graphic camera ami all the associated sup- _ 
ports and things- Well, anyway, we made tins 
apparatus in the course of about a couple nt 
months. Anil wc took it to sea. Wc hud trou- 
ble in getting 'hip time. What we wanted was 
a day or two uf shit) time to go out ami test it, 
you see. Wc did «U die ‘esting. 1 remember 
the. first testing we did, ivc built a sort of gal- 
lows down at Mission Bay ]in San Diego], 
which was then a mafsli. of course-anil 
strung Hie apparatus up with the galvannm- 
eter and things in it and climbed up a Udder 
nnd cut the ropes and let it drop to see if it 
would go into Ilic mud and see wlielherllie 
Shock would break the galvanometer and all 
.. ■_ . • i „r Ani-wav. we then tried 


dinuietri'h, !<• see what we could d«i. Ami we 
mure or levs rlist ovri i-d wli.it we rtuild do 
and ivli:it we couldn't do. And hiiallv we look 
it mil fm .i i nil with rite whole appai .itus to 
try and inc.isinc the heat flow — mid we goi 
no iccoids at all. Evety tiling winked. Exie|it 
we didn't gel any ktiiiiU. And we quilted 
whai il was. li w.iv a (iikIl-iis.h ion oil I lie mir- 
rors of tlii_- gnlv.incuuelLT. wliuli we'd tint 
l In, tight of I ict ore. So wc put diving t'f|iii|i- 
ineul in and goi rid id this. Dm we never got 
any n-’iiilis ili.il miiiiiiilt, and I wetii liouie |m 
Liigi.ind|. 1 wav dim tor of die National 
I’hysiiiil Lalmraioiy [NI'LJ. I went Ihuiic and 
hail another Minilar u|i|i.ir.ituv built, .nicl I got 
results with dial. 

Thai was built of nmrsc bv the NI’L work- 



shuji. We had some of the ht-sl workshop fa- 
ri lines in ilic woi hl. I was at home. I had su- 


perb f;uiliiic-> and no question as to who wav 
going io use them. Vmi see, l was director oi 
an uperalion s|iciiding many inillioiis of dol- 
lars a year. If I viid do sonieiliiug, they did 
it. And so I had piopcr winking drawings 
made ol the cquipinciil ami had it built in a 
proper workshop anti no oil. And wc look il 
mil and ii worked evnv time. 

Shor: You levied il then nil hngkuid? 

Bullard: Yes. I’d done all the Lesling licit- so 
1 jiiNl made ii new appai unis anti took it out 
to sea anil it worked. 

Now that's all ht-cn published, so the dales 
mi iliis are all known. I’ll give you ail llie rt-l- 
eu-uu-s. (fill In si p.ipei was published indie 
PunrediHg* of the Un\nl Sin lr(|. You know llu- 
[woietleis in .YhIuii', do von? 

Shor; No. 

Bullard: Well. I'd liein-i liml ilii-se loi mil 
[ Ih vflle and AI nuer/l. Hu/hml, I'.l'i'JI. 

Wliai ha|i]ieiiiTl was tins, ’llu-ie was a Liiilr- - 
well, not ex.nlly a inisuiirln standing -lull I 
inuli-i slot id dial the gimip luir and oiii- 
selves wi-K 1 going i" publish a jnim pa|,ei. 

AimI I was ii'iv bust and I liclil up | uililii . 1 - 
l ion nl oiii wink |or soitir litili-. .it id evetnii- 
.illv tin- IKevelle .null Maxwell Iciici in .V.rf«n- 
went in. .util I pm a letic-r in in tin- saim- 
iiimiliei. Well, then alietw.nds we | *n>ili-1u-i I 
a joim i*.i| ii-t [IhiH'ini it nl.. lil.'iii). I lieu- was 
a Hit ol a in nt Ul Ii- .tin ml pul iiu at ion. 

1 1. 1 ion know — now 1 mine to iliink o| n, 
ilic liiisiuess alhuti i.ilmi; llie thing In •tin- in 
make tin- gn-llnnugli ■ ■ niiin non w.ts al M'l ; 
ii was ilic M'l isi.i kriii ip dial w.ts nuking a 
Mi-in- about gn-dlimigh ■ I'titii i mins — pn-s- 
sitre-nghi i * ■niii't n«n is in Ik . ns plates. Ami I 
luiik n hoim .uni di'l ii >m nn liiainrslh gas 
i .mg': Aild I il link, ilns ijiImi slic'd, die 
plan-, to base die cllli-i nil i.ib- In, me dn- 
l hilly* aild .iLinall' do die soldci mg wln-li die' 
said dic-v iluiiigbi diet iTHildn'l do n I bat 
was in Liigl.mil li w.imi'i here. Wc did ii here 
w ill ii >iii .ms hiss. We did i) mu selves in die 
workshop. 

The wnikshop m.iii.igei was sen good t" 
us jiiiI iciv mill- m us. And cvciiiu.iliv, .iilii- 
ally. some of die hiMvv nun hilling was done. 

I said io liini une dav, 1 said. “Look, do von 
iv jilt US doing the- heavy mat hilling? Tlicw 
are big lathes. Were inn professional me- 
chanics. We’re mining considerable material, 
these alloy steels. Wouldn’t von rather do diis 
yourself?" And they did— the actual oiilei 
cunlailtei was machined by the wnrkshop 
sufl in die end. But we machined ihe rust ol 
die suifl. 

Now die re is a cmnpleiL- description— i lie 
apparatus we bail here is essentiallv ihe same 
as the apparatus I built in England. 

So that’s essentially the story. And then af- 
terwards Art Maxwell. Roger [Revelle], ami 1 
wrote a summarizing article on the whole 
subject. It’s a review article ulmui heal flow. 
The critical tilings to look at arc those twu 
letters ill A'ature, wliich arc the first publiea- 


tions. then there is my paper in the Prorerd- 
iims of the Kmal Surieh describing my own 


ings a} the Ktiyal Sufirty describing iny own 
nieasnreiTiciiis, and there’s our joint paper 
with Roger. 


Global Positioning 
Technology 


So ended Billiard’s vctIki! summui y in 
1973 . 

After llie unsiiccessliil trial* ot 1949, the 
original instrument at Scripps Insiiiiiliim was 
“discarded in lavtir of using tliennistuis in a 
bridge network with an ninplilii-r and Iuhiic- 
buili recordiT.” siiiil Ardmr E. Maxwell (jk-i- 
sottal t'liTiiiiiiiriicalioti. Julie 21. 1983). He. 
winked with Set ipps eiigineets James M. 
Snodgrass and John Ik lsj.it s mi the im- 
t, roved iiukIcI (lining Lite 194!) and earls 
1959. That lie.ii-piok* w,« used on the Mid* 
pac (sometimes i tilled Micl-I*aiili« ) I-.xpcdi- 


I ii an oilier wite cxtelk-ut .HLiUe (” l lie 
Iiiijiai'l oi VI.IH and (IPS mi ( ieodt-sy," 
Em. .Seplc-mliLT 27. 1983, p. 569). Dr. 

Joltti U. Bossier iiiULCtiraiely repoits ihaL 
die Maeioineier, .i single channel receiver 
which i aim- to market only last year and is 
restricted tri relative position use whs the 
first global |iositiniHiig system <(H*S) re- 
ceiver to liLionie coniiiiercidlly available. 

As many in die geophysics community 
know, Stan lord leicroitiinimkatiiuix, Inc. 
(STD. lias provided (»E’S receiveis anti 
: t r.u ism i iters coin inert i.i lly lor almost 5 


year*. 

S'l I dual liequeitLy (IPS (ieodctic 
Rccievers. owned .mil opc-l.ili-d bv Shell, 
NSWC, IHM.and Draper l-ibs have been 
used in iiuiiu-rous abviliiii- and iclalive 
positioning experiments. Ill one mic.Ii c-x- 
tu-riiiieiil. analysis ol 5 licin sol four satel- 
lite phase mcasiii rmc-uls yielded iclalive 
|iusiiiim looidinaies chi a ‘iN-kiu ImscIiiil- 
w-liicli wen- ic-pi-.it.il tie to 3lt cm in height, 
fid cm in E-W (Lit lhi ion, .ttirl litc.ui in N-S 
dim) inn. 

S I I tll'S re irveis ii.ivi- ln-i n lived on 
die Not ill Atlantic .iboanl llu- < -SS Uinlum 
to Noitecli, ('imeisitv nl New lb iirivivirk. 
and llu- t ..I ii.icLi.i n I lvdi',gi.ipllli Sutvev. 
line a hmI nine K.ilm.io liln-i was used to 
cm ill, ilic- til's ringing .iiu! ships mm inn 

31 1 1 ■ 31 1tl.lt 1C Ml |l> ll|"l.lle all illllll.il ll.IVIg.l- 
li'iti.d sv sit-in. Km 1 lid . N I l's sc-ll-i "li- 
nn lied III'hIc- 1 "it I ‘2 It if-ietvc-ls provide ,i.jf 
Inne positioning with piccivioii mi lbe■•l• 
der id -tt hi w ill* it" postprocessing 


I '.ml !>. IVtic.iuli 

l a hnii til X bif( 
Sf, ii , fuiil I tlft mu nmn it «: to •»»••. f'i* 
\unt.i t l.ifi. ( A "'n'M 


Reply 


I .ip'*l>igl/(' I" 1 >i ]'■ lie. "ill .Hid Stall- 
told I I.T '1 • BI1 III 1 * 1 1 111 alu ill*. In* l"i lev 
l.ll k ■■) pic-1 IMOII III ill'- Slll*|< ' I .11 li* 1*- V 
mill «• propel -i.ii' ii I** ei i w ..ul. I fi.ro Ii. i ii 
' llie liisi I'-'iivet to I.i-, ••iiic *■ 'Mini'll i-il 
lv , 1 V .ill.ibli- nh tin nil th. ti .w. • I- 

1 1 1 1 - \|.i« I'.ineii-T \l«n lei \ • I Unit 1 1 1 ■ ■ I l«-i" 
U ktiu Sui vc-voi . iii.tinil.il mi* d In M.iii" 
Ilk-Ill'S. Ilic.. ol Wolilim. M.lss.li lllisflls 
We .il llie N.ni'in.il t.c-oih-rn surviv an* 
well av. .in- ■>! dn- iiiip"ii.iiu i"t' pl.i'«'d b\ 
Si I III ilk- ilcM-lupincUl ol the <■1"' s* *■ 
IL-Ill 


I'lltll I* ll""llT 

IHnttm uf f hinting 
I llul I nil'll th Srnifr. 

.Yr Ml 
Ml> 


Biography of Wiechert 


For a biography 1 am writing of Emil 
Wiechert ( 1 862-1928 1. pr*ifesvn- ol geo- 
physics at till' L' i liver sit i of C."Miiigcn. 1 
would appreiiaie hearing from any re.nl 
ers who might have iiiateii.il of interest. 
Photos, letters, and anecdotes about his 
life are all welcome. 


Wilfried Schroder 
HffhrNnhw H 
h-2S2U Bi emeu -Rhii nelri k 
Federal Republic vf tinman} 


t hni, carried out by the Scripps Institution uf 
Oceanography ami the l".S. Naval Electronics 
Lailtc irate ,ry- during the sii miner uf 1959. (1 he 
name ot iliis expedition is given incurred lx in 
Bullard ( 1965 1 as Cjpruoin L\|iedition. 
whicit was in 1952 ) The In. si successful oce- 
anic heat-flow t Measure me ins were taken on 
that exjiediiion. (As noted in various «iT the 
early pajKi>. Hans IVfieissou dewrilwil oce- 
anic' I leal -I low mr.i'iiiiemeiits that he took in 
1948; Hiilhinl tonsil len.-cl Llievc invalid A 
Bnll.it il. as In- said altove, ic-tiinic-ii to En- 
gland and in 1952 (nr 195 1?* at the Naiion.il 
Pliysic.il LalMiialotv had an instrument built 
that was “similar to the original line" [Hulluul. 


Article /«. 7l) 


ornaunr uottej fj years). sh « k would break the galvanometer and all 

She Aot learned a hit about . • r; , .vCi j Q r ,i,j nK Anyway, we then tried 

| "Wnjrom George G. 

Srf /bwtti l ""I lu Jki ’ 'iJl could get U into the mud out in ihe trough 

ten! She i u ) ut ~ ofT San Diego. There was a tremendous 

S* f. Scri iP ! °{ 0 an \" discovered the®! rouble that if you pul i 

(u>here George works nnd she has worked), ami a » , hnimm and left il there you 

loonier of biographical accounts of scientists, tspe- U)mg njl{ j bending it. and 

55** ° r Bi °8 ra - . rS mh 


iliis kind or tiling. Anyway, wc then inert 
without any galvanometers in to sec u wc 
could get U into the mud out m the trough 
ofTSan Diego. There was a tremendous 
amount or sort of testing to be done. It was 
an entirely new thing really. 

We discovered the trouble that if you pul n 



Fig. I. The lieai-pruhc recorder built 

A. E. Maxwell. 


in the stimmeT of 19-19 by E. II- Bullard and 
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b, A r 2. Arilim b . Maxwell higho ami [arm 
.iliri nur ill its loitering mi (he liOfl Mil l] un E 


M. Snodgrass straightening llie heal probe 
xpcdiiinn. 


Article t»'..tu. p 7 b 



ft it difficult r<> ilcieiinim- lu»ui the 

detailed iIi'm tipii I iliit instiiimcnt in 1 I 1.11 

rcfi-muc what tiimlilii Jli'im lie and bit liilxw 
l.iim v in. iv I mil’ nude n( ill (r i irigin.il dt-sign. 
hlutl.u < I obtained hit tmi hi-.u-pmlw (lieu- 
tmciiHiiit with ihr S 1*1 .-Imili mill iiinrnt in 
|ulv HiV . 1 limn k H V /inmiviv II in llie At- 
t.iinn . 

Kvkiux. .n Ihe I .mu mt (now La- 

innill -|1< ill i* i ( v I I >t-< ih i>(ii .tl OWnatW). M’l 
■fin fn iiK-.miK’ Ikmi llmv .tlfei living .i lair- 
l ms ril HulL.it > I pn die in I9.T.I ili.il l.iilcil In 
wink 11) Knltt-tl Gt-tanl .uni Ewing had 
ili'vcli qx'd a iicrdU'-proltc ileiitr lor iiitjtiir* 
iui{ hr.it III ■ w 1 h .11 ts.it .iii.hIh iI i»> tin- mu- 
liurlv Htnl pi 1 I 011 oncrpirraiilrlul.. 1 | 

Wli.it is.it so i/.Miiillg aim lit those e.irlv ihC* 
.iiii> iiit.isini jiieiiit ol hc.it Hois- As tiu(l<nd 
[ l‘iti r »| 1 li.n Illinois i«-< ■ niiiTt'il in the historical 
mil mini ii* m 10 I ret Inn A, /•‘rieilitnl Unit 

two <<Kfiiiiii(«v 4 id (hr 111 (foil AwmiiO 
nmi lui tin- AiIs.uh emi in ol SiiciKC. one in 
I St'iH . 111 . 1 «. 1 U- ill 19.( r ». Ii.icl Ik'i'ii .i|i|KHiite(l 
iMioilsiiIrt' mule lift 1 nun l iciiifui.iluie* .mil 
dtinn.il i>>ii'lui litiiin hi mints II 11 II .11 >1 1 i.iil" 
din ltd Mime ol lilt fxpLTiiiiein.il work lor 
ehc 19.1 5 1 "iu mil i«e. ami. ivpi« .ills lor what- 
ever hv s».is doing. he f manic inltigucd by 
the liie.iilih ol the siitiptl WLi.it iniglii lie 
ititli’ieni .iIhiiiI 1 lie dii-p mean- 

[lie trite "f the .ire was «t mi ni.vf i/ed in iJie 
Ill./'.u-l cl ■./ | L 1 1 |MpU . 

ill ril’ .Ilf mill .1 lets rlo/rn leli.lhle 
nia .isiiii iin ins heat [luit on the uuiti- 
in nis. I he sallies i.mge lict with 0 . r » ,md 3 
M.« .ii'. iii 'i c . iu>.*t nt l lit - 111 being lie- 
fiMtu ».S .«cd 1 I I h<* mt .111 it ab>«lif I - 1 
in. 1 I 1 111 -set. 

I lie iiiiilineiit.il hv.il thus is e.mlv jl- 
t"UiUi;il lot In ihe r.i<h".iilisiu u[ the ( 011 - 
li 111 ni.il imlis . **«iLe a large part o| ihe 
uut.iul .i'h.u* ihe VI. 1 I 1 on »\ iut «!■«• tuaiiiiu- 
ils at .1 depth ol .ibuil .!'• Win iniisi I* 
s’l.tiiiu- <>r similar oh k*. jnd time tome 
luai iiui'i t<iiite trout LmtImiv the diifoimtui- 
111 . ihrdilhi irlti is no! s«* ninth in hurl a 
•none f*«r the observed ho.il as w exjilam 
nils the Hois is urn ric-jilt than il is ... 

I he pe-iio(i.gi< al studs ol oceanic rocks 
and sii.iiiu|.,oii.d wort .11 sea base shown 
ilia' ihe cru»! heuiMih the ntc.m bavins is 
sirikiiiijv ditfe-um I mn 1 lli.it iindcilsing 
1 I 10 > 1 *311111 1 nis ... 

hi siew ol flic- Milling Jill ell net's III pe- 
lt, il. < 4 % ami sir in in re iicitset - 11 1 lie 
and itu (miiiiicnls ii might Ih- tA|ii«lfd 
lli-tl fht heal flowing troll* tilt- ««i .ins 
viouMLie oiilv a lr.«. rti.ii <*| that limn lie- 
1 it' aili ihe toHiinems hi l.m this is nni mi 

Sin< f ihr ovtaiis 1 nvsT 71** **l iJir 
vault* 111 ilarf. a irltiMc 1 •lini.iie ol llie 
jiiMiiint ft In at lloAimr through llinr 
ll>n il s |s ot 4 le.ll II|||KI|I.I|UI- |)| llnrussions 
•<l tlie 1 mil's tlsrrtn.il liioois. ’Ihe mii-.tiih 
tneisiMi iiiriits are hm. howesei. ineicSs .111 
addition In ihr loiitinenta! ones; in view nl 
the Iniul.MiieiH d dilii'it («<< % ktwrrii tile 
■ "tail* .'■) nl the i - 11111111 tils the Iti'.il tl< .is at 
'IM 1 )>i ohhiik si p.n.ui- hull* lli.ll nl 

the 1 nntiikMjial he.ii (low 


well ( from the Miclpai Expwliiuni'l jpvw a ic- 
vii I t which ivunuplcicly iiiiexpcaed, and 
del in him rales again how little we kllint of 
luhiii.iriue genii igy." 

When Dullard fu st umi.ernt.tl himself with 
meastniiik the Mow uf heal tlirnngh the 
m ean door in l(«H and had die nfi|Kir(utii<) 
ill Scripps liiMitiilion in l'.M 1 .), die tcrlonicdc- 
mjrciitiiui he! wren land arid h-;i m gcnlogisis 
iv.m sharp. Kseiy Ml nl evidem c wav untied 
tn iiiislcr M.intl die whole eaiih. As mcnstirv- 
nieiits .11 nl ululated, pallet m of variation in 
heal How throii)>li the ocean Ihnir ta-gan u> 
cme 14 c. and in«ler< ol ln.igmiu'k- lor '‘aver- 
age'* values i in proved. l.an%\flh uni! Wat Her • 
ztn i 1117(1. p. ‘JUUI timed (hat "a surface lltix 
of up 10 right times the cm nil’s average is ob- 
served near the axis ul die mid -oceanic 
ridges." 

’I lime carh heui-prohe ineaturcmrmv. ;m- 
ipiiicd wiili "a ve tv ilnnisy apparatus" that 
Iwgan in Hilliard’s mind and hands, comrib- 
uicd loncidcrahlv to die global knowledge of 
ludav's gi’ii|ih>sn ists. 


Iniiii.'.li .life 1 tlx Wtdp.ii lA|H'dMK'ii. 

Hi stile vsi-iu- 1.1 Hull ml it htoK-i | r «, 1 1 l*a i: 
i.iibin "I b tfi-f ii dt .it 1 biii'. uf die S« 1 i|i|is 
Iusnii 4 ii.su iindu I S|K>hti<uis MidjMt j : 

Wi in.Mi.igi’it tO|| 4 't .ii Iv.ivt si vt 11 good 
11.1.1*01 ■ 11 i-iii» ot Mi^H'i.iliiic |fi,idlelit> ill 

’h> h-lii'i ids \ll bill ..in- 1,{ ||,m V ,11)1). 

«.il» .<■ tfi.nle tii .iioiuiil I' jo 1 ^ r || 

s . mi .omlfi. mils mini. ilc* 1 . 4(1 he used, 
tii-s ui-Miii that t|„. In mi (low Ii 4 .ui the sea 
d' o» is sin- S 4 DU- 4 * (hat h«n»i the Mint* 
t f tils [•■ iut-. at U-j.ii, sins is ,i vei) Miipnv- 
» n 4 re orb t.iu apiijri'iiTli suu sl>h susucit- 
r.d »! ad ai' ui^. 
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Edward C. Bullard 
1907-1980 


He was an outgoing man, quite lacking in 
uompusitv. yet very aware or status in his ac- 
quaimances. lie observed the differences bui 
never made invidious comparisons between 
his homeland and his adopted home country. 
Although he appealed ifciwercsteri m hon- 
ors. one sensed lliat they pleased him. 

Kdward C.risp Bullard was horn on Septem- 
ber 21. Iyil7. in Norwich. England, where lus 
lather's family wine brewers. In his early 
years lie was iioi an uuiuaiiding student, but 
during liigli-schnnl ycais lie developed a keen 
interest in physics through a teacher. He en- 
tered (Hare College, Cambridge, and gradu- 
ated with first-class honors in physics. In 
1929 lie became a graduate student in the 
Cavendish Uliuiaiory of Lord Rutherford, 
from which he received his Ph.D. in 1932 
with a dissertation on the scattering of slow 
electrons in gases. 

The fitst position available to the young 
physicist in those depression yeats was for the 
Department of (ieooesy and Geophysics at 
Cambridge, as a demonstrator in surveying. 

As m » I i. according to Bullard (who wrote a 
tribute to himself ul the request of Walter 
Monk), he “embarked on a very profitable 
eight years in which he learned the elements 
of Earth science and carried out a remarkably 
diverse series of projects. The success of 
these was in large part due to the steady sup- 
port of | Colonel Sir Gerald] Lenox-Con- 
yngham. who was not at all disturbed when 
told that the police were looking for the per- 
petrators of an explosion which had left a 
lltile in a road in Leicestershire'' (A/iimA, 

197M|. . r , 

The lust in the diverse scries of projects 
was measuring small variations in gravity, for 
which Bullard developed an elegant tech- 
nique fur timing the swings of an invariant 
(tcndidtim. The work was done during 1933- 
193-1 in (lie East African Rift Valley, where 
on one occasion lie and his wife Margaret 
were treed by a lion. 

The explosion that disturbed the police was 
part of a group program to map the Paleozn- 
tc laver beneath eastern England by means of 
seismic refraction. Al (lie 1930 meeting of the 
international Union of Geodesy and Geo- 
physics in Edinburgh, Bullurd met Princeton 
geologist Richard M. Field. It was Field's in- 
sistent theme that geologists must study the 
ocean floor. Hullnrri (I975si] said: “He would 
not take nn lor an answer, be would not stop 
talking, he had no doubts, lie was embarrass- 
ing and sometimes a nuisance, and yet lie 
struck the match that set earth science alight. 
... He invited me to the United Stales in 
1937 . . . and sent me out to sea with the 
('-oust ami Geodetic Survey mid with Maurice 
Ewing. 1 * Upon his teiiim to England. Bullard 
began seismic studies with Thomas F. Gaskell 
in the western approaches to the English 
Channel aboard two Rrixham sailing trawlers. 

As a tltinl venture imo the young field of 
geophysics. Bullard measured the tempera- 
ture gradient, or heat Mow, on land in En- 
gland and in South Africa in 1938-1939. 

This was for a committee of the British Asso- 
ciation fur the Advancement of Science, ap- 
pointed in 1935. Work of this kind, said Bul- 
lard once, “had been done extraordinarily 
badly before" [-SAor, 198-11, and elsewhere he 
noted: "Great difficulty was experienced in 
finding suitable (horc)holes, but very satisfac- 
tory results were obtained from those that 
were found” [Bullard. 19H5J. The project led 
Bullard to pondering a means of measuring 
heal flow in the deep ocean. 

On the advent of World War II, Bullard 
became an Experimental Officer in the Naval 
Scientific Service, first to develop methods 
for protecting ships from magnetic mines, 
then to develop methods for sweeping acous- 
tic and magnetic mines. He moved on to in- 


telligence investigations pertaining to the 
German development 01 rockets and to a 


studv of the most economical ways of attack- 


ing firing sites in France. The Times noted 
that Bullard "built op around him an asian- 


of normal civil service rules, and thus moved 
with a speed impossible for other establish- 
ments" \MnUhev\. 1989]. His participation in 
matters for the Ministry of Defence contin- 
ued for many years, and he served on the 
committee for a nuclear-test ban treaty also. 

Bullard returned to Cambridge in 1945. 
where he louitd the laboratory in a shambles 
after 6 years ol disuse, bill lie got it into op- 
eration and soon became head of the Depart- 
ment of Geophysics. The lack of research 
funds and lack of access to a research ship 
frustrated him to the extent that in J948 he 
accepted the position ns head or the Physics 
Department at the University of Toronto in 
Canada. There he initiated theoretical inquir- 
ies imo the source of the earth's magnetic 
field, using the early computer system ACE. 
Bullard's long- pursued svork on dynamo the- 
ory of the earth’s core constitutes his most 
profound single contribution to knowledge of 
the earth. 


lie, *!‘t -jvf .Ifi'taftV j IW2|, in thru Irtirr in 
\vutf, ,Jf td six luviufvnwiiu. wiili the cmh- 
m«,r* "Ir U iMtTMjfthy (bat at fixe uf llie six 
tiiug a (ind distance «>r dearly 
ihrirr iliiHmiij mil**; ihe r„rnp4iird heat flow 
hex within I*» pet iqu nl lhe average value 
fui then online nty". 

■ the letter UiS'nteatn said . 

Ui« die “cumiriuntpumn by Re telle and Mix*- 


PrntessMX .sir Edward Bullard was honored 
li\ his Chile n in 1975 as a “wurlil leader in 
gCLipfiv iils." Kuril of dime worth is apt: 
“wurM”— liei .him: indeed the earth was his 
domain, in diems and field wink, in civilized 
,oid 1 vim tie irgiiiiu. mk<| ,u sea; 

"h-.ulcr"— I h-i . ttise Miter listening to and 
imiteising with students ami colleagues he 
dig'll (hem toward c.iiiyiug out large ideas 
in >m lull -lot iiied thoughts: 

"geophysics"--.! Iirhi Ik.' I ween pu-iisc phys- 
ics and imprecise geology dial came into I ic- 
ing only lux arise a lew outstanding ami \ ena- 
ble site-mists like Bnllaiil could span the 
hie.idi h. 

"t h.uicc Led me iuio geophysics at a wnii> 
del I nl lime." lie *.ihl, ".mil it bus been aiming 
the titoM rewarding experiuucs ol my life in 
lust.- played a pari in ihe transformation nf a 
tuikw.iicr into a luyulw.igon'' [Hnlhnd, 

1 97j/*| . 

T«ld> Bullard tan k'll this oil wit|i a 
unique charm, with «i near-Purkish liinnor, 
and with aii iiltereit in |ieoplc tlui niadc ev- 
ery deal with him iticntomhlc and every lec- 
Wire fa him a keen dcliglir. 'His legacy will . 1 
prciCc lo be more than his own considerable '■ 

■ scientific cudeasors: it will include the arcOlii-' 
pUshmenls of his smclenis a) id colleagues and 


In I95U Bullard returned to England to 
irceed Sir Charles Darwin flirandson of l) 


succeed Sir Charles Darwin [grandson of the 
author of The Orijptt of Specits ] as Director of 
the National Physical Laboratory at Tedding- 
ton. While chafing some at the responsibil- 
ities, he fell that he was an effective director, 
and he was able to do a substantial amount of 


his own researches. In fact, “through his posi- 
tion as director he was able to deploy the en- 


Lion as director he was able to deploy the en- 
tire resources (by no means inconsiderable) of 
the computing division to carry out extensive 
numerical work required for the develop- 
ment of his [dynamo] theory" [Alititzv. 1980]. 
The position and his competence gained him 
a knighthood in 1953. 

Bullard in 1956 resolved his indecision 
about what kind of life he wanted by return- 
ing to Cambridge, again as head of the De- 
partment of Geodesy and Geophysics. There 
he felt that his primary commitment was to 
his own work and to helping a large number 
of very able graduate students. It was an era 
of ferment in the expanding field of geophys- 
ics, and Cambridge became a focal point. In 
1963, for instance, Harry Hess, J. Tuzo Wil- 
son, Drummond Matthews, and Fred Vine 
were all at Cambridge, and Bullard was reas- 
sembling the continents by computer with de- 
ceptive simplicity [Bullard, 1964]. Seafloor 
spreading and plate tectonics were bunched, 
and for those incnrics Teddy Bullard was a 
primary catalyst. 

In his Cambridge years he also directed a 
major investigation into electromagnetic in- 
duction in the earth; he helped in establish- 
ing the technique of determining the age of 


rocks by the nniussiuin-argun method; and he 
encouraged the application of modern cuiu- 


ishiiiglv versatile and effective establishment 
which, in the urgency ol' time, had when nec- 
essary. an utter disregard lor the formalities 



encouraged the application of modern com- 
puter techniques m geophysical problems. Al- 
ways he was interested in the history of sci- 
ence, and he assembled a considerable library 
in it. This seemed to be an outgrowth of his 
(merest in people: for an individual’s memo- 
rial account he wanted to know not only the 
science but also the minutest details of that 
person’s life. He quite enjoyed writing histori- 
cal summaries uf aspects of geophysics. 

Bullard's association with Scripps Institu- 
tion of Oceanography in La Jolla, California, 
began with a brief visit in 1948, followed by a 
2- mouth stay in 1949 when his hrsi heat- 
probe was developed [Shor, 1984]. From the 
mid- 1950's lie was a frequent visitor to 
Scripps. where from 1963 to 1977 he held a 
part-time appointment as professor of geo- 
physics. When lie retired from Cambridge m 
1974, he moved to La Jolla permanently. 
There he continued 10 work vigorously on 
what he called "his favorite topics of plate 
tectonics and the origin of the Em ill's mag- 
netic field," and he was drawn into an adviso- 
ry role to the U.S. government on nuclear- 
waste disposal. I 11 all, he published some 200 
papers (a memorial account and a complete 
bibliography will be published by the Royal 
Society of London). 

Bullard married Margaret Ellen Thomas m 
1931; they had four daughters. Margaret was 
the author of several novels situated in vari- 
ous places where the family had lived. In ■ 
1974, Bullard married Ursula Margery Cttt’- 
now of New Zealand; she is an accomplish 6 * 1 
painter and sculptor. 

This giant in geophysics died of cancer on 
April 3. 1980. in La Jolla. Only a few hours 
before his death he approved final changes 
on the paper "Direction of the earth's mag* 
nciic field in London, 1570-1975," with Sm- 
art Malm of Edinburgh. Teddy made hfe ,n ‘ 
tcresiing, and he faced death with courage- 


Awards to Edward C. Bullard 


■t 'better effort e^en by his casual acquaint- 
ances. It has been said: “The tiling looked sp 
Simple when Teddy explained u> It was oqly 


At the rhange. or command in 1978, (he 
Albatross ^\watd of ffie American Mlscel- - 
htiieous ^ociciy was transferred 10 Edward 


Sedgwick Prize, 1936 

Fellow, Royal Society of London, 194 1 

Hughes Medal, Rurally Society of London, IQ* 3 

Foreign Honorary member, American Academy 

Arts and Sciences, 1934 

Chree Medal, Physics Society, 1956 . ' 

Ku reign Associate, National Academy or Sclent*" . 
1950 

Day Mednl. Geological Society of America, 198? 
Gold Medal, Royal Astronomical Society. 196 s j.- 
Agassiz Medal, .National Acadeinv of Sciences, J . 
Wollaston Medal, Geological Society of London, 

Vciiesen Medal and Prize, Columbia Uiaven'ty. 
1968 : ■ 

Royal Medal, Royal 'Society of London, 1975 • 

• Bpwie. Medal, American Geophysical Union. * . 


Aibm ros* Award,- American ' Miscella(t« M,s 
■1976 : ■ ; v 


. J*«|W when Teddy explained it. It woa oqly. " C. Bullard (right) from Roger Rcvelie (bfi). 

later you teqtiicd liutv deeply he uqderjtpod 4 .lt’» a scruffy hird, but a signal houpiV ■ ' j 

• .WqhW{980]. ; , ;"r\ ;v>l 


1 Maurice Ewing Medal,. American. Geophysl“l_, 
Union, 1978 '"' j... ; 

I' The fa^llilejof itjc Cambridge 

:■ Geodesy and Geophyslci wert qmea die.flwl®- 

; r ;Jjil»raiprio» h( |fl 8 Q. . ;. V/ : 




-Ax 


February IUH-I EOS 


References 

Bullard. E. C.. Conti tie mal drift, J. (ieol. Sue 
Loudon, 120, 1-33, 1964. 

Bullard, E. C., Historkal iniroduciion to ter- 
restrial heat flow, in Terrestrial Henl Flow, 
Geophy s. Monogr. Set., vol. 8. edited by Wil- 
liam H. K. Lee, pp. 1-6, AGU, Washing- 
ton, D. C., 1965. 

Bullurd. E. C„ The emergence of plate tet- 
tonics; a personal view, Ahum. lire. Earth 
Planet Sei.. 3, 1-30, 1975«. 

Bullard E. CL, Acceptance of the William 
Bowie Medal, Eos Trans. AGU, 36, 919, 
1975ft. 

Massey, H. S. W.. Sir Edward Bullard, Phr. 1 . 
Today, p. 67, August 198(1. 

Matthews, D-, Sir Edward Bullard: An out- 
standing scientist uf his time, The Times, 
London, April 5, 1980. 

Munk, H.. Dedication to topics in nonlinear 
dynamics: A tribute to Sir Edward Bullard 
[written by Bullard at Munk 5 request], A/P 
Conf. Proe., d6, v-viii, 1978. 

Shor, N., E. C. Bullard's first heat-probe, Eos 
Trans. AGU, 65, this issue, 1984. 

This tribute was contributed fty Elizabeth N. 

Shor. La Jolla, CA 92037. 


EOS 

Transactions, American Geophysical Union 

The Weekly Nempaper of Geophysics 


For speediest treat mem of Lomrilmtirtns sl-ii>I 
three copies of the double-spaced ttMiiusrript to 
one of ihe editors named below and one copy i« 
ACU. 

Editor-In-Chief; A. F. SpillMtu. Jr: Editors: 
Marcel Ackerman. Mary P. Anderson, Peter M. 
Bell (News). Bruce Hoc, C. Stewart Gillmui 
(History!. Chile G. Goad. Arnold [.. Gordon, 
Louis J. Lanzcrotii. Robert A. Pliimtcv; Manag- 
ing Editor: Gregg Forte: News Writer: Barbara 
T. Rich man; News Assistant: To»v Reklthanh: 
Production Sla(T: James M. Hchhlediw.iite. Dae 
Sung Kim, Pairiiia Liihielln. Lisa IolIiK-iisiciii. 
Cvmhia T. MiManigal. 

For ndre tlniug rn/unMtiua, miliar t Rnhti, F. l.mlr. 
adveriuing eootrlotntut. at 202-462 ,6*03 or tolljret 
at 800-424-2488. Athcnising mmt he mlnrma- 
tivc and iMtsisiciil with the socnnJir and riluca- 
lional goals i»r AGU and is subject to approval 
by AGU. Advertisers ami llieir aginls assume li- 
ability for all content of their arivcrmrmenis 
and for am claims arising therefrom agjinst 1 he 
publisher. Offers in advertisement- are stil»|cii 
10 all laws and arc void where piohitmcd. 

Copyright 198-1 by the .American Gcofiht steal 
Union. Material in this Issue may he photocop- 
ied by individual scientists for research or class- 
room use. Permission is also granted 10 use 
short quotes and figures and tables for publica- 
tion in scientific books and journals. For permis- 
sion for any other uses, contact the AGU Publi- 
cations Office. 

Views expressed in ibis publication do not nec- 
essarily reflect official positions of the American 
Geophysical Union unless expressly stated. 

Subscription price to members is included in an- 
nual dues tSzQ per year). Information on insli- 
tutional subscriptions is available on request. 
Second-class postage paid at Washington, D. t... 
and at additional mailing offices. F.o*, Transar- 
Hons, American Geophysical L'iuoh (ISSN 0096- 
394 1) ij published weekly by 

American Geophysical Union 
2000 Florida Avenue, NAV. 
Washington, DC 20009 


Cover. This weak-beam micrograph 
shows a twist buuncinry in nit experimen- 
tally deformed olivine single crystal From 
San Carlos (Arizona). Il was taken with a 
125 KeV transmission electron micro- 
scope. The scale bar is 220(1 nm. Such or- 
thogonal arrays of screw dislocations arc 
also commonly observed in naturally de- 
formed peridot ites, They arc produced 
during deformation or annealing events 
either in the cat tit's mantle or during the 
ascent or the olivine-bearing bodies 10 the 
surface. The micrograph was taken by 
Daniel L. Ricoult (ud visor: U.L. Kohl- 
sicdtl. Department of Materials Science 
and Engineering, Cornel! University. Itha- 
ca, New York. 

An Invitation 

Would you like to he on the cover of 
pas? If you have any illustrations with 
both aesthetic charm and scientific inier- 
cst— photographs (preferably black and 
while) of geophysical phenomena, expert: 
mental results, or graphs— Ecu would, like 
ll> consider them lor publication tin the 
cover. Send the original illustration ok 8 .x 
HI inch (21) x 25 cm) glossy photo with a 
short (50-200 words) explanation thit can 
serve as a caption. You may also submit a 
more extensive news item or even a jlfiori 
article to accompany a proposed covftr. ■ 
Captions will be by-lined. If the material 



Cretaceous 

Boundary 


Four years after it was hist promised, llie 
theory that ;t iuIosshI meietiriK- struck lin- 
ear lit 65 niillinn years ago continues to build 
toward a consensus- this despite recent find- 
ings that volcanic eruptions might, also have 
caused the “iridium anomaly" that is die im- 
pact theory's best evidence (£m, l-cbruary 7, 
1984, p. 41). 

High concentrations nr iridium at die Cre- 
taceous-Tertiary boundary were first noticed 
in sediments from Italy, Denmark. Spain, and 
other locations around tire world by Waiter 
Alvarez, his father Luis, and their Berkeley 
colleagues. They concluded that the source of 
the extra iridium must have liccn extra-ter- 
restrial because the element shows up in 
crustal rocks only in very small amounts and 
no one could think of a merhauism that 
would distribute iridium from the mantle so 
widely around the surface of the globe. The 
Alvarez group postulated lliat a meteorite 
about 10 -km wide had collided with the 
earth, throwing up >1 planet -encircling cloud 
that blocked out sunlight, ended photosyn- 
thesis, and snuffed out many nf the land and 
sea creatures ol die Mesozoic, including the 
dinosaiiis. 

Until recently, die iridium anomaly was vit- 
ttiidly die only support for this it lea. In Na- 
vemher, however, two restart hers from Yale 
Ullivvisiiy, Jean-Mart I.mk anti Karl’l nre- 
kian, reported what may be even more 1 'im- 
pelling evidence. They analyzed osmium iso- 
topes in bountlai y-laycr tucks from Denmark 
and Oikniitlo— osmium is another platinum- 
group metal that shows 11 1 » anomalously high 
in these sediments— and found neatly equal 
amounts of lK7 Os and lN,l Os, an isotopic ratio 
much more charat'icrisik ul‘ meteorites than 
of crustal rocks. Link and Tmekian had Inst 
hypothesized that if a normal geochemical 
process such as precipitation I rout seawater 
iiatl c< a iLL-ntr.it n l the osmium, they would see 
die higher tatiti found in leiresiual rucks. 
Alter examining ,1 mm) her of "te.ink manga- 
nese nodules, they found lliat this was indeed 
the case, and so concluded that it was a mete- 
orite impact (nr possibly two impacts, since 
llicv found di He rent ratios ,11 ihe two sites) 
that deposited the osmium. 


IVidi this nn*' fiiltuiiMtf'iii, is 1 litre now a 
consensus on the liieieoriic tlicniy? Not vet, 
says Charles Oidi ol die I -on Al.iums National 
Laboratory, who provided Luck and 1'ure- 
kian with die sample It mil Coin ratio's Katun 
Basin anil wlm iv.is die litsi to ftml die iridi- 
um aiioiualv in hesliivaler scdiim-ms. "We 
cat 1*1 yet lav 10 rest ,1 vidt.iiiit' source— sve 
need to If, tin mine about the platinum incml 
ratios in the mantle.’' Recent findings at Ki- 
lauca in 1 1 a wait show (fiat indium tan be um- 
ccniMH'd mi the surlace .iftci settling out 
from volcanic emissions. It would have re- 
quired an enormous explosion >0 dislribiite 
(his volcanic material globally in (lie Greta* 
cetms-'feniary buimdary layer, Imwever, and 
die sort of slow, oozing ilnsvs that normally 
acconqutiy eruptions like Kilaiica are not 
consistent with this. 

Most Initiating ol all bn die tueieorile- 
theory f.iiiiiftil is the continuing lack of any 
evidence nl nu impart. So lar, about IU0 t ta- 
lers around die win It! have been evaluaietl as 
possible tjmlidjtes, .ictoi'diiig w Tlmmas J. 
Ahrens of the California lusiliilc of Teclllinl- 
ogv, “but none seem 10 be die right size and 
age." Fur this reason, many people favored 
the idea ol an ocean impact right from die 
start. After all. Ahrens points out. die climate 
was warmer lift million ycais ago. water 
wasn't locket 1 up in polar ice caps, ami dicrc 
was nmro ocean. 

An ore, m imparl tvould also explain why 
no era let has hmi identified — inure tlt.m halt 
llie ocean Hoot that existed ii;i million veals 
ago is gone, siilnliii led hut k into ihe iiiaiuk-. 
Fill lliei mine, leieni reptuts ol small Nphei- 
oids that appiMr to he allei’ftl "impai l dl'op- 
leis" 11 I hasallii origin <1c jiiiiiI in IxHiudaiy 
layer clays in noidieiii Daly and llie central 
Pacific by Alessandro Montanari ant! col- 
leagues at ltei Lelcy) make die case lor a sea- 
lluur impai 1 even stronger. But where are 
die rcniiiiiius o| the gie:u tsmianiis arid si 1 li- 
ma line landslides dial would have billowed 
sin It an fsent; No one Ini* yet 101111 ' up with 
.1 good ansiviT. 

Meanw hile. Chailes Dull ami nl Iters arc 
Inokiug lor iridium anomalies al 1 idler peri- 
ods in gi-nlugii hisloty. This leads in .iiinllier 
quesiioii; II iiiL-teoiites fluniLilsioiiallv hit the 
earth, are they ie*|ioii*ilile lot mass exiitii- 
liotis: ( lull and various, uiiiiyesiigaims have 
1 licv'ked bu high iridium u*m t-iiiiaiioiiMU 
clavs known 10 lie deposited dining other pe- 


Florida AveJjue, N.W., Washington. DC 
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Planetary Science 
Budget 

The fiscal year 1985 budget fur the solar 
system exploration program ol the National 
Aeronautics and Space Administration 
(NASA) is very promising (mftEos. February 
14, 1984. p. 49). As announced by llie Office 
of Management and Budget, die document 
includes a new start-up program for the 
MGCO (Mars Geasc fence G'liuiaiologv Orbii- 
er) mission. Mixed in with the set of encour- 
aging figures ol NASA's Space Science and 
Applications budget plan, unfortunately, is 
the more uncertain area ol funding that in- 
cludes support for the Research and Analysis 
program. These programs seem to be less vis- 
ible in the budget, but they include important 
components of the space science program. A 
large portion ol these funds is provided to 
university scientists to support research at the 
highest levels of excellence. 

In a recent letter to members of the aca- 
demic scientific community, William L, 

Quaide, chief scientist of NASA's Solar Sys- 
tem Exploration Division, expressed a note or 
uncertainty and caution about the fiscal year 
1985 budget operating leel for the Research 
and Analysis programs. According 10 Quaide: 
"The reduction in (Research and Analysis] 
funds will requite that we abandon, tempo- 
rarily, plans 10 address all the problems that 
are facing us, and concentrate our support 
on a few specific areas 10 preserve somecmi- 
tinuity uf participation and to maintain com- 
liabilities for future missions." 

Quaide pointed nut dint an augmentation 
of SI5 million will l»c needed to nuiintainihr 
support level ol funding realized by the fiscal 
1984 appropriation. Indeed, an jugmenia- 
lion for the research and analysis program is 
included in the president’s budget, but only 
hi the amount of. $0 million. Conceivably (hat 
number could be increased by Congress if d*e, 
need were made known ■ — PMB 

Titan Ocean: Ethane, 
Methanej Nitrogen 

Detection or the atmosphere or Saturn's : 
satellite T|tan by the Voyager I spacecraft in- 
dicated an abundance of only 3 mol meth- 
ane (CHA Recently J. 1. Limine. D. J. Ste- ■ 
vensori. and Y. L. Yung calculated that 3 mol 
% methane is sufficiently low to precludjilie 
stable ebekistepre of liquid methane on Tt- ' 

' tan’s Surface, which has a temperature of 94 
K ( Science . 222. 122&; 19B8). Instead, Lumne 
. et al. suggest Uiai Titan’s apnhsphcnc methyl. - 
ane may Jsavp broken down by a ptialyztid, 


rinds ut whok-salc uxtinc lions, including two 
u ili ihiic-hrnch input! Imiindarics in the laic 
Clainliriaii, wlieic- they liuiiul no iridium 
anuiualy . Onh li:is also (hc-t kcil boundary 
layers limn ihe OuLiiviikm-Mliiriati and die 
line Drvmiiau. No aunt 11 , dies (here, either. 
Bui lie rum huii's to search lor other exam- 
ples ul iiielimn excess .n ross lime and plans 
to widen tlu- geographic range ul his Mu dies 
<d ihe Gretut txuis-' l'eitiary boundary layer to 
establish n more global pnltern. 

Walter Alvaiez, with wlinm il all started, 
will have a paper in ■Scti'rire next moil ill in 
which he coumeri the cuumci arguuicni that 
the extinct ini is at the end (if the Mesozoic 
were gradual ami so could n't have been 
caused by one ctiiastrophic event. Alvarez and 
his ciMUthurs, based mi a review* of the exist- 
ing pulcoiiiotogiial literature, see "a sharp 
dropoff' light at die iridium-rich boundary 
layer for lour groups of marine inverte- 
brates: ammonites, one group ul liryo/oans, 
brae liinpi uts, arid bivalves. "Sonic paleontolo- 
gists hate said that the dropoff* were more* 
gradual," Alt ai cz mid P.tn, "but we looked 
back :u the record, rather than whai tiles sat 
the reemd shows ." — Ttt 


plmliiilii-tiiii.il 1 t*iii 1 1* ■!! tn ethane it.jil-l 
Tin- resulting mean would ronsivi ul .1 mix- 
ture nl C-H,. and (.Hi in the pi up- mum of 3 
10 I. 

l lie di*suii.iiinn steps of Grib, involve loss 
of hydrogen In escape, making die process 
irreversible. Ihe ]tusiulaictl set reunions are: 
2CH. — Cl-H- + IL and 'JGH. — Cell.. + 

2H. The inter mediate molecule Calls plavs 
the role of Utah tit and shielding n| CL-Hn 
from phutnlvsis. C.H 1 is calculated as being 
broken down in Titan's atmosphere at a rate 
of 1.5 x I ( 1 1 " fill’” »■>. The evolved H and H j 
would leave the exosphere al rates of 3.5 x 
10“ and 7.2 x I0'*cni 5 S ' 1 respectively. The 
result is the production of an cilia tie- rich 
ocean iff I kin depth. The composition of Ti- 
tan's present ocean was deduced from calcu- 
lations of the CjHw-CHi, N-j-CHi, and Na- 
CiHn binary systems. To he consistent with 
Voyager observations, il was noted that the 
existence of several percent propane in the 
ocean would be compatible with die calrnJat- 
ed proportions. The calculations also include 
a 100-200 km thick layer of solid C*zHv on 
Titan’s ocean floor. 

What is lacking to make u case for an eth- 
ane-rich ocean is more observational data. 
Lunine et al. nme that important tests of the 
model arc verification of the existence uf 
CHi clouds with the correct opacity, detection 
of CaHti saturation iff the lower troposphere, 
and radar, evidence ot an ocean . — /'AID 

Alaskan Transect 

A cooperative gcuphvskal/geulngii trait veil 
nl the Alaskan crust and upper mantle is 1 k.-- 
ing organized hy die IW Cindugiial Surv ey 
(USGS), the Alaska Division ul Genlngii.d 
and Genphysiial Surveys lADCKIS), the Uiti- 
vcivity ul Alaska, and Rlfi* Uti»vi-t>ity. The 
prujeu is to lie known as tilt* 'I raus-ALskd 
Lithosphere Invc-siigailuu (TAl.l). Ihe rnule 
aTTAI.1 lies along the unitli-Miuili corridor 
of the iiniis-Aluska nil pipeline I w tween Rrtid- 
hoc Bay and V.ddi z and extern U ulfslu ire. 
across the Pacific and Arctic ct inline 11 ul inur- 
giics. ‘Ihe tiainecl will Incorporate tfiml 
suppleiinlniary prohlev (uiersctiinH llie- pri- 
mary nuflc. TA1.1 is envisaged as a uuinli-. 
nated multidisciplinary effori among govern- 
ment. academic and industry scil'ntists and 
insumiium- • . 

To pre|wre a prospectus lehr the transect, a 
w orkshop will be held in Aik borage rm Mny 
29 prior in die meeting iff the .Sclsmolngiiai 
Society of Amciitd and the Cnr^llllcrAn Jiec- 
tipn c|f the Get /logical Society nf America 
(May 30— June 1). The National Science . 
Fftundfttidn is’cij-sponviriiiR the workvhup. 

jSunye iff the studies tliuj will cnnstimtu Iiiy- 
ptinant dements ul ^'ALI are under wav nr 














Will !<V tllt1l.ll>- | i litis .11 Kill l lllM I'lU .ltl.l 

the I niM-iMtv »it Alaska .tn- riig.ivU'd 111 

opt-T.ill\r -siiiilv «>| ibe kmrin.uu * drt • >1111.1- 
ikiii hi die Brook* Ranee. .VlHit.s .m, 1 l si.S 

will lomiime gcofiigii nupiimg ami itnoiig.i 
lions in v, oi> nis aic.i* along «»t in.. it du- tr.ui- 
secl n still', r 1 1 help l.iim« h FALL the I’M. S 
will stun this siiiiiiiKi it* [ i.iiis-Al.i*k,i t . 111 * 1 - 
al Li. msec 1 (TAUT) piojeci to imc. 11 g.uc die 
stniciute and cvoltirn.it ol die crust, ttsing 
seisniis: refiauioii'iellectism. geologic, gravitv 
anti maguelic tecl)iii<|ties. flic- TAl. f pnijeci 
will begin along die southern onshore seg- 
ment ol the trancci I . between Valdez and the 
Alaska Range; several investigators I rum oili- 
er in s lit li l ii ii is will be- diiendv involved tidier 
institutions, unhiding Cornell University 
fCOCORF). Liimoin-Doheitv Gei'lcigiral Ob- 
servatory. and the Lmivcrsilv of LTalt are ex- 

E during participation in TALI in I MM and 
iter years. The goal is to complete the tran- 
sect by die cud iff tliisdecade. 

Geologists and geophysicists interested in 
participating in TALI or (he Mav workshop 
should contact: Robert Page, U.S. (icolnRii.il 
Survey. Mail Stup 77, 345 Mitldlchcld Ril.. 
Menlo Park. C.A 9 1025 (4 15-32:1-8 II 1 1 : or 
John Diisics, Alaska Division of Geological 
and Geopliysic.il Surveys (9h7-474-li|6ti). or 
David Stone, University of Alaska 17-1- 
7622), Ixith at the Geophysical Institute. Uni- 
versity nf Alaska, Fair funks, AK. 99701. 

Thu lien s Hem uvi* runlnhtitrrl fty Rulx-rt A. 
Page, ullit i\ with Ihr U.S. Gea ft.gir«ff .St inr\, 

Men!» Park. CA W»25 

Geophysicists 

Two AGU memlrers received Fiilhiight 
scholarships fur 1 9H3- 1 984 : John R . 

Ffolfoumy, professor nl chemistry at Arizona 
State University, will he working in Australia. 
Tth-Lung Kit, professor nf gctifogicM scii-uies 
nt ihe Unlveixity of Souther 11 Cali Turn ia. will 
he working in Fram'c. 

fn Memo, mm . 

'I lie li/lhiwing 1-\GU inmilwn ure rttendy 
deceased. Their AGU section Ltiltli-ti i«n anil 
year of joining ‘AGU ure shown: 1 

: Jaime Antorocho, 64. Au AGU Fellow, fly- 
. Urology, jnihctl 1952. 

Grover B. Crttp, >13, on April 2h. 1983. Ge- 
ode vy. joined IpHO. 

, Mtchdi Salih ffantvih, 63, oh January 14, * 
1984- Hydrology, jo inert 1949. ■' 

1 ' Alien A.Jergnu, 80. Seismology, joined 
• 1943. 

Jack H, Alee ft, 0G. on October !2,' 1 983. So- 
lar-Pbneiary Refouonship 8 , jf>incd l959. 
Hein* G. Pottzsehke, 68 . in November 1UB9. 

Geodesy, joined ; 1976. ' ' ' i . 







i^ua rniruarv zn, iskvi 



The Boundary Integral 
Equation Method for 
Porous Media Flow 

JiillH!* A. Liggett and l’liilli|i 1..-K. Lin. Allen 
and Umviii, Now York, 1083. \i + 'Jflfl nn. 
$35. 

lievieuvii by Mtuy /’. .1 nrimoti 


Jusi as groundwater hydrologists arc 
breathing sighs or relief a Her the exertions of 
learning the finite clement method, a new 
technique lias reared Us nodes — the bound- 
ary integral ci|iiation method fill EM) or the 
boundary equation method (HEM), as it is 
sometimes tailed. As Liggett and Liu pui it in 
the preface to The Ruunctaty Integral Equation 
Melfivil for Potaus Merlin How, “Lately, the 
Rciiiudary Integral Equation Method (BIEM) 
lias emerged as a contender in the computa- 
tion Derby." Iii fact, in July 1084. die full In- 
ternational Conference on Boundary Element 
Methods In Engineering will be held aboard 
the Qttrn t Elizabeth IJ.cn route from South- 
ampton to New York. These conferences are 
sponsored hy the Ucpailinciil of Civil Engi- 
neering at Smilhiinipiim (ail lege (UK), whose 
members are proponents of 111 KM. The con- 
ferences have Icniiircd papers on applications 
of HI KM to all aspens nf engineering. includ- 
ing ilcnv through |hii iius int'ilU. Pulilished 
pi mxediugs are avail, ilile. as are lextiwoks on 
applii. if inti ni 1U EM tu engiiieeriiig pruh- 
letm. riifie is even a 10-ininiUe him on the 
sul i jet I . 

The applii at ions nl It I EM to llnw through 
|it inius media uic explored hy the other ma- 
jor pri ipc n rents uf this met hud in this text- 
hunk hy Liggett and l.in ol Cornell Universi- 
ty. briefly. HI EM involves ail applicaiion of 
Green’s lnrmula. which allows the dinii'iisiuii- 
ality nl a piolileni to lie minted. The meth- 
od consists nl placing uncles tin the txiund- 
artes ol the domain — a line fm l!-diiiien.«iuii;tl 
iirnhlc ins. an ate-i Ini 3-(liiiit'iisiou;i] prob- 
lems— .uul iiile grating over the linutnlarv. 

I hen applii at ion nl t i rent's |nrmul.i it takes it 
possible tn snhe foi the head at .my |i»iiii in 
die iiueiiiiT nl the domain. 'I lie catch is that 
it is ciecessaty to himw Imth heads and ilieir 
monial dcrisatiics along die bminil.iry. Fur- 
iimaieis it i> possible m derive an expression 
relating head along tin* humid. try to its nor- 


mal derivative, so that given either head or its 
derivative, it will lx: possible to solve for the 
other at each node. An advantage of the 
method is that any approximation involved in 
discretization is limited to the boundary, al- 
though there is a Itouudary layer effect caus- 
ing bends near the boundary to be more sub- 
ject to numerical errors than heads in the in- 
terior of the domain. Liggett and Liu suggest 
that the thickness of this boundary layer is 
approximately equal tu the length of a 
boundary clement. 

The book is written at an advanced level 
and requires a thorough familiarity with cal- 
culus as well as the theory of Row through 
porous media and finite element techniques. 
The examples used to illustrate the use of the 
HI EM reflect the training of the authors, in 
that classical engineering problems in Row 
through porous media arc emphasized in- 
cluding flow through dams, Row around a 
cut-off w:d], flow to wells, seepage from a 
pond, and recharge from circular and rectan- 
gular regions. 

A mathematically compact introductory 
chapter reviews the basic theory of Row 
through porous media and the relevant gov- 
erning equations and serves to introduce the 
reader to the authors' notation. Chapter 2 de- 
scribes the application of the method to sim- 
ple problems involving I-anlacc's equation 
and linear interpolation of head between 
boundary nodes (linear boundary elements). 
Chapter 3 deals with more sophisticated in- 
terpolation schemes, known as special ele- 
ments. Chapter 3 also introduces a powerful 
feature of the method, whereby infinite do- 
mains can lie treated hy using an analytical 
solution in construct a special element to ex- 
tend the problem domain from the near- held 
solution, where a detailed solution is desired, 
out to infinity. In this way the problem of de- 
lining near field boundary conditions is avoid- 
ed. 

BIEM treats heterogeneity by dividing die 
problem domain into several homogeneous 
zones. Tilt 1 concept nl zones and the equation 
inaiiipiilation (by stretching the coordinate 
system) require* I m treat anisotropy are dis- 
cussed in Chapter 4. Chapter 5 describes the 
solution of transient Tree-surface problems 
using steady slate governing equations and 
transiciii boundary conditions un the free 
surlate. Chapter li deals with axial symmetric 
Row problems, including recharge from cir- 
cular areas and How to wells. Chapter 7 deals 
w ith 3-diniensiuiul solutions nf Laplace's 


equation applied to well problems and tu un- 
confmed aquifers using a transient boundary 
condition on the free surface. Chapter H dis- 
cusses the application of BIEM to problems 
involving a sharp interface between two flu- 
ids, e.g., salt water intrusion without disper- 
sion. Chapter 9 Focuses on the intriguing way- 
in which boundary elements can be combined 
with standard finite elements- It is clear that 
a finite element approximation is more ap- 
propriate for heterogeneous problems. How- 
ever, if only a portion of the problem domain 
is heterogeneous, it may be advantageous to 
use boundary elements for the non hetero- 
geneous portion. Examples presented in 
chapter 9 include uniaiuraied-saiu rated 

f iroolems, in which finite elements are used 
or the unsaturated zone and boundary ele- 
ments are used for a homogeneous saturated 
zone. Throughout chapters 2-9, the results 
of the BIEM are compared to analytical solu- 
tions and to results of finite difference and fi- 
nite element solutions drawn from the litera- 
ture. 

Chapter 10, the longest in the book, dis- 
cusses the application of BIEM to problems 
involving regional groundwater basins includ- 
ing leaky aquifers. The problems are handled 
using a quasi 3-dimensional approach, where- 
by Row through aquifers is assumed to be 
horizontal and flow through confining beds is 
assumed to be vertical. Reference is made to 
a computer rode called GM5, which was used 
to simulate the Yun-Lin aquifer in Taiwan. 
Output from the simulation is presented bui 
the code is not, owing to space limitations. 
However, sample FORTRAN codes are pre- 
sented in chapter 1 1. The rode GM8 solves 
the Laplace equation using linear elements; 
GM9 is an extension of GM8 that allows for 
the use ol special elements; and the program 
DAM solves transient Tree surface flow 
through a dam of constant hydraulic conduc- 
tivity. In addition to the codes, documenta- 
tion of input as well as sample input and out- 
put data sets are presented. An appendix 
containing a list of symbols used in die book 
and discussion of some of the finer mathe- 
matical points is also provided. 

The authors succeed in presenting a con- 
vincing case for the utility of BIEM for cer- 
tain types of engineering problems in How 
through porous media. Yet the book's bibli- 
ography gives only a few references on appli- 
cations of HI EM to (low through porous me- 
dia and these are largely papers by Liggett or 
Liu. Hence, one is left wondering why the 
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method seemingly lias not < might on among 
specialists. The arsenal ol mi.ii hematics need- 
ed to iindei stand and jiiogi.iin BIEM rivals 
die finite cleincni method, .mil as a result 
BIEM is unlikely to take hold .inning "the 
masses" until the dm iiiiieiilaiion and release 
of general "< aimed" programs similar lo the 
one discussed in chapter Id. Si ill, die hunk is 
a good star) in luinging BIEM to the .men- 
tion oi groundwater hydrologists and will be 
especially liselul In those who already have a 
working knowledge ol Imitc rlemcius and 
who have on.isimi to solve those classes id 
problems [in wlii. li BIEM is paiiitulnriy suit- 
ed. 

Mary P. Amir mhii it irilh thr ltrf»nlmrnt */ (if- 
olngy mill firnphwii \ nl thr I’mvriMtf nf Wton- 
ini-Minli\iiii, M min, ni. 117 STJfUx. 
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RATES PER LINE 

Pmitiom AtaifMt, Sen ieei, Supphti. Cnurrri. 
and Announcement!: hut iimiii.ui $ ■ lilt j,1- 
iltlii.ii.tl Her i ■ Mali Si "J "■ 

Poiiliom Wanted- Inti iierin<.]i S".On. ,nli|iii<in- 
-cl iioenioiM St Hi 

Student Oppnrtunitin: ln»t i mini. m tree. .nl ili- 
ti.'ii.il in •mi. .ns Slf.ro* 

i here .ue ii» ilisi .mill* «>r ...nianuninc nn 
iIjwiIil-iI .uls Ans ope Ms le tiiji is m,i pul.lhh- 
er's i hone n charged j! nen r rjl adrcrioiiig 
rales /■'«• is |iiit>1i*hcil wc-cVlicm I uesili<>. Ads 
iimn hr im-ucil in u-riling hi Manilas. I week 
prmi ic ilie lEitc- nl pul tin ji ion 
Replies Ci j.Js will) l"»x numbers should I*- 

aildresseil la Iius Aiurni.in Gccqifa nrj] 

I'hioii. ‘.'ililii J lull'l l A st iiuc. N W.. Washmg- 
l.in. IH -Ji it ill*l. 

h>r mole inh .rin.iiion . t.ili 202-462-6903 or 
loll free 800-424-2488. 


POSITIONS AVAILABLE 

Program Manager Air-Sea [nlenriJon. NASA 
I {i.i.hju.ii le i •' (Vi . iiiii Pn»riMt hi. mi h i< <it-luii( 
t jiiiliil.tirs tut p] .lining, ill >t'l.<|iiH|; aiul iiii].lf- 
nicimiix a c.Uiiuli. h-umoIi |H..k-r.un iiiiIi/wu *.iii-|- 
Inc in I m iiiiiis iii ihr etuci.il .nra ol .in •« j ihk-i.ii- 
ii.in S|Hi tin .ills mi Ini led is i lie iiu- <il s.tiilliie 
M iinoimi lis in ilt.ii.u u ii/r ih>' siii I. ■■ r ..uni IeiIiI, 
.uni lilt' i lit*. I ul •ml. in- is i lifts un ii 1 1 ] k ■ •■•i.iii i in* 
iritis qu.ililu. iiu. ns ii ic li it It- ll.Jiihls it. . •■iiiiiiiimi- 
«.Uf rlfii Iisrls. 1*1 itr in. rtisii. iicd i sp.-rit'iitc m n.ii- 
tlinhii^ <ti iipn.il mi 1 1 |.i. .^ 1.1111 iii.ui i|ji-iii. m 
ispimhi . .mil l< tiiowlidiiC nl |.l is-.it it r.. t-.nia>a- 
laphs JUS It IV i* nh s il.iis i,itn;i , ||..iii $1 1.2771,1 
?'■ VI l">. I. mill ivleill.il i- It llli rip I it- ll i •' Vt III* ,|||. HI 
Foi lot lilt I Ultollililli.ll ll li-udili^ 1111111111111111 , 

.uni .i|i|t!i. .ili'.ii j>o>ii|iiiii is ■ ii. I., .ii ti|i 1 1 , U-I.iw 
■>i pin ■lie ,i. liis7 t>n iii.il.mphi.Uioiu niu«i 

In' irit iti < 1 1 .» M.is ii. I'JM. 

SiAS.y f I ■-.«• l>|il.i| > . ( '■ nle Sill’. U.ishiiiiiii.ii. Ilf, 
•Jll'.ll. 

Ail ■ ■iia.il 1 1 |.]> ii iiu.il s eiii|.l..i. i 

Faculty Puilt Ion/ UCLA. 1 In- IV|mmiiii'Iii n| 

Far Ih Jiul S|».uc Sc icn.es. I'CI A.nvh a|iplii.iiiniic 
lur a rrxnt.iT I n nils |M>M(i.ui in the ol ks{- 
imuirnl'ics. snhiiirniais iKiiol-^i, Imuii jn.ihtis, 
siraligrapin. and lrgior.il kciIi^v. A Wi.l). nr 
rquhdtcni ii irqiiiTctl. There is no reiirii<i<>n ai In 
the level. I him i Hill include Iiiiilrrgr ailualc and 
gnulnate ir.uliiiiu. iuj)eivjtiuii nr ihcws and iJuser- 
(aiifini. and ilcscFiipiiicnt of a mcrirch prcuiam in 
the area nt i|ntuliMium. hieU luu d ciperii iwe 
will Ixr Uhn into cuiindei aumi. The auinmiincnt 
will begin n>n later ilian Jamuis |. 111x5, and nmy 
liegiu m soun as July I. MW I. li will Ik hilJ iunc. 
nlne-r^andi. lenuiciir (enure luck. Stud rrsumc 
nv l>r. William M. Kan la. Chairman. Deturtment nf 
Kuiliarul Space Sc k met. ITniternit bf California, 
4113 Hilgaid Avrnur. law Angelri. CA (81024. 

LCLA is an alhrmaiive acumi'cciiul uppou units- 
rmpfmcr. 


S JP'“ 'nl Auror .1 


L’niseniiy «r Colorado- Boulder—' Tenure Track 
Pusil ion In Atmospheric Dynamics. The llriMTl- 
i"i n i nl Asir>i|iliSMiril. I'I.iiici.ii s .uni Aiiiimiihtru 
S.innti ili .1 liter Is Xiiio-ticupliscuti ins ills .ic.pti, ,i- 
Un .i leiiiin- 1 1 .si k Lit sills |Kiiiimii in dir Rehl 
ul aiiiK.iplu'i ii Hiviice. I lie miii ml nl .iiiiiliuin 
mihi o.itf a I'li |i iIi'ijtli- anil ih, mill ii.„if\i d 

lu * kgiiHiiul in Kcophsti. al lliiiif ilsiijiiiikur 

■linaiisi. llt.-U-tii.ih .w. preU-i.ihly in iiimkHiin; l.iTav- 
wjli-jinfMri.il jiidur pl.iiiL-uis (iriiilaiiiins Uic 
.• IH" “ill l«r Ji ihe jsuii.uk i)n.U-s«ir leicl 
l.ilihmiuh UK-.issit.iaie pmlcunr lesel ii mu rulwl 
null anil will U pn Augun pist. 

A|ipli(.ml« sh.iuhl li.iif ,i sluing i uinniiiiiu'iil m 
rfse-mli anil i., Iradnng .u I lie guduate and under- 
Xr.idiuic li-srl. lhciinjuiriiiiiiiv will exist l ur a fnr- 
nial jAsurMiiiiii w'iih i he Lilmraiun h.r Aiin.nuher- 
ii and S|i.i..i- | hi nn. which lus iiuuimis; iirimr.inis 
" 'juo* ''I urn al inns id plancuu Jiiit.tsidu.'rn. 

In appls, please send a iiinnuliiin sii'i and ihe 
nanif $ .mi! audrc&^rs nf ihrci 1 ri^fercm c» n»: 
Pr.ifumr Cun K. Ihuiuji 
Ui p.it i mciu nl Aurophisiial. PUnciari 
•mil Alnmiplifrii Sciences 
C-imput Bn\ VH 
L'isiscimis uf Culnrailu 
n»nlrler. ( id Mitt ly 
Iclejihnru- 3tl3-l!l2-My|3. 

Nil.irs- S2 l.l ll 111 miiiiniimi. 

Aps)lii : ,,, ii |1 ilt.idJine; Post marked no Lmci i), a „ 

■I the p mil, 111 IS mu Irileif) 1 

.. ,*^ii l "f L"l"railf) is an c-niial uniuriii- 

uiii allnui.iiisf jt nun i-iiiplnyir ' 

l“«‘«>''' '"'bv J1S-.M ul pla.iruis K. 1 A.US 

J..I Ri.ii.litw.s Ihr rank ..I MMidH mi, 

' i l'l'.i .V 11 ,' ' 1l,luM ,v jTJinial tin- pnstdiu u.ral 
Ics.l hull ii ilinmmii.mil u . U i„| uf iWniie an 1 

w icwarch iirui .luV 

li(an.ii). Ur* well .mis null J 

'»! .'k 'V 8 ,, "l , bisit' M .iiiplicd in ihe 

MihIi ul iii1iiMi>hIs Iildiii-n and iKiinr.il uielliirs 
will vmi|iImms mi drier miiiinv mrfaif iirTipemn 

..ml | riHi-SH-s ,.n pi, incur s ..ffie.ii mine -RJiS 

I*JSC .Hill s|MCfiiah trniuif sc-iisinu ilaia ,iih| amili- 

‘.d ‘ f, £jk r, i i 1 ' l,u , 1 hiivuiafi icc hnitiiilJv 

|niijiilt ih. mill uml leiicr hiiiIiiiimj ilieir c\i»n. 
c-nif. pi nf, •tin. nal riijIs. ifsimii' .mil ..ui„ a ' 

An equal <>p|iniiimii> nn|Awrr m<f. ' 

PmUloctoral Poiltion/Dalhamle University a 

rxmee w|‘h hoi Huw hcrlplul but St^SSfl 
i ^ and namea priwo referentw to: Dr K. g ™ 1, 

'>*** 


Position in Space Plasma and Auroral 
Physics. Two research posiibns at ihe level uf ai- 
sinam or associate research Kicntisis are aviiil.ihlc in 
ihe Department or Physics & Asirononiy ai die Uni- 
versity of Iowa for qualified candidates with a Ph I). 
3*1, ■ cx P cncncc in space Idiismas and/..r an- 
roral physics^ fresem research in space plasma 
physics emphasizes analysis and inicrnrciaiiuii ..j 

waN nl S ^ E fc . ,lss,ons - 1 hc Umvcrsily or In- 
r«r,^ jb ,, r a ® n g ,,, siru mental inn cm ihrsiwcr- 

ivedau^nr Pl ° r ^ ■* U ‘ hc r wurec nf .SSih 

ai'sisihlr ^f.?ii ™i ra fra,n lli R h •llliliiile* 

ai visible and ultraviolet wavelenn u. Plwtiimen ic 

Sc?SX C \ h ° ^i^^fifodierareasofTe- 

searcli including the physics of die uniicr aiinn. 

ozon^ Thp lhe ^ oh;i ™ |rib uuon oTHtnioiphrric 
appficani should identify and describe 
““ I or t er «PW«!*e which can sunpori ex- 


pK sr, fflfisis sdff 

clSSSSS 

inR iniercsis, a list or ScaUo^nd^? ,tach ' r 
three to live refcrencM hi ?? d .fe nam « pf 


Symposium nn Meteorology and Oceanography of 
Norm America High 1 jiiltmlcs, A Syui|*'»i*i] 11 JJ n 
Meiciinliiqv .mil t lu-.iimiii.iiiliy ol Null hem Bw* 
Lililiiili-i will lie In-Ill t », iiilu'i 3-S, 1(181. in Ali- 
cliniagi-. Alaska. I In- im-i-iiiiu will lie c us|mrisiii«l 
hy die Aiiiciiiiin Mh.-.h <i|ngu ,il Siuii'ty ami tho 
AAAS, and will lx- held in ■•MijiiiK luni willi the 

Alaskan SiiciHi- CiHilneiKc. . , ■ i 

P.1JK-IS ai,' snlii ill'll nil .ill iii|Hi |s ill liigll Mlrtisw 

iiieii-niiiliigv .mil iHcaiiiigi.iiriiy. .ilthougii the hjius 
will lx- un liint- siiilrs laiiging from less limn a day 
[*' wvn.ll uiiiiidn. ScmIiuh an- pin mil'll »M» Iltc 1"l- 
lowiug in pi. i: all -mm in- iiili'lilillnit 111 llie lilKl* W* 1 ’ 
IihIi-s uf the Nurili P,h iiu ; luiigianue fuu-iiisiinR 
luP ihe Alaskan ii-uiun; iiii-ii'iiiuliigUMl ns|Kt 
iicilliii ion In i In- Far Nmili, with sixtI.iI cmpliasu 0,1 
ine F.iii luuki it-uiuii; and die vuiliildlily i'»“ l ,rc " 

clu iiililliiv of sea millions in Alaskan water t- 

Pajicis (Icsciilihig leaiiits I mill die Bering Sea 
MI/KX (Maigin.il lu- Ziiih* Expei iiiicnt) are cn- 
emiragcd. . . 

AImii.ich of li'.ss di.ni 200 winds should bo iU , 
mined kiy | Ain il I !M4 lo Slum I Bigler, Nalionw 
Weal lie i Servke. 7ul C Sum. I’.O. Box 23. An- 
dinragp. Alaska (10.113. Aiillims will he notified oi 
iicceptaiii e oi ]m]H is in c-arly May. 

University of South Alabama. Faculty N ,,l,, PnL 1 . 
Tciiurc-ir:i. k nusilion ul die lank iff Assisianl it" 
feasor hi one of die two (allowing fields: (If IdJP 1 
hraie PaU-oiiiolugy-Siraliuinphy; (2) Igneous 
MciamoniliU Pcirolouv. l lic- Univt-rsiiy of SouUj . 
Alalwma Iius appioxhiian-ly HI.OIHJ siiideniJ, an a u 


MinncapolU, MN 554 BB. * mmncsoia, 

aar ■ ppiLi ™ »*«aasSE 5 

oppnr- 

menu] studies. KdinoJow* lo 

R^' ®hlga- 

Rcqinred a a Phi) or eqn I wIm? JCmSP T «°v*ry; 
tesearch and leade^iiX^-EL JW»» nJai- 

P bshment. Location in accom - 


nnu inrec pari -nine members. I his |wsiuu'' “.r _ ' 
filled commencing Scpicmlicr, 1984- 1 he deada 
far applicaiinnsis May 15, 1 5)84. Please submit 
ter of application, alone with a resume of V«J r . 
cation and experience, in: Dr. Glenn R- Se»W i 
Chairperson, Department iff Geology and .. 

ph)'. University of Snuih Alalwma, Mobile, a , 

3&qB 8. Also arrange to have at least three letters® . , . 
i-elcrcncc sent to ine same address. , Ani 

The University of Suulh Alabama is an ef l ual " _ • 
porlunity, alfirmaiivc action employer. _ 

Coanochemlalry Faculty PoshlorVlJnlverjIlf ^ . 
AtIwm. The Department of Planetary ggg: . 
and the Lunar and Planetary Laboratory 
plications Tor a state funded, tenqrc P?“. jAj/ 
jn Coimochcmlstiy. Tlte area of spedali^u^ - . .... .• 
in CosniodirmisLi-y is open, 'rhe appojnJJSS nf -i 
volves research, leaching, and the siipcrvW^g ^ • 


oi Kienuhc aaotiipiUhmcni. as well as 

far developing substantial leaders p !p 

and an irilcrnatlonal scicntlfif repuudonj- 0 q , ^j # j. ; .--. 
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Of uijtll acceptable candidates are-id^nuiipu- r . 
rations, including a resunid iuid.ih? 
dresscs of faur Individuals vdio CQujd'*^ u i/rff, 
«yc«, should be sent lo: PH>res*^.Eu|^®:". vffS ffy < 
Head, Dcparimcnf of PldndUry 
of Arizona) Tucson. AZ a5.7?L- r - V.Jnfflims^V 
.■Tjtc Umvenity is an equal -ojip^ft **■■■ ' ; 

' ji; ' -^^ploy^r. y. - '• ;/ 
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Research Associate. 'Hu- l'iiu|ii-r.iiii.- Iiiniuu,- 
fur Rcsc-Wtli in I- iisiiiiinni-iii.il Sch ihi-i it 'I R I- Si. 
Univrrsiiv id t jik>ra«lu. Bun kin. (jd..i.ido h ailu-i- 
lising t*ii a Kcm-.ih Ii Amuiaii- |».-jitini. I Ik- |»>ij. 
li, in .leu I i pi V ill is ji lulkius. I In- iiiiiniiliL-in n ill 
iniii.tllv n.i it iii) mi«- as a nu'inlxi ni ;; i.-.iih ol nk-n- 
lisnin ( IRES .mil M».\A involv.il in tin- ili-u-li.p- 
nicril ami caKlii.ilimi ■,( iwn I'V i]i<-,ii.>i jiIxxik-ii-u 
lor un ket-ilitf in im-.i«iii-iiiviu> ol the ksLis UV 
spL^lial ii 1 .sfli.HK.*.-. 1 hii kh-juIi is p.m <,l j pm 
<naiu m ileti-riiiiiii- ills.- l<-inpoi.iI saii.uii.iis ul sul.ii 


giam in hi-k rinmi- in.- i* 1 1 1 | .'ii .ii i.ii i.kiii.iis ni soi.ii 

UV i.itliaiion. ihiu straiiwplh-rii- eilt-tii ami pnii. 
blccffi'iis hii (liman- Tin- iiiiiinil.L-iu will luniii- 
patc ill imuimaiii-iop oi.-ainriiiH-nls with die loiig- 
Havcleiigih UV spi-iliniailionKiei in ul .lain dire. I 
micttiiin}iarUons at I'V uavek-iiirih.s wnli ilw 
moiiniain-i«p solar iije.ti.il iiradiaiKr nifasine- 
mcnis in llic near UV. risible ami ii dialed in (ol- 
Ubur.nion with die Uinieisilv ul Ari/ixu. The m- 
ciimbeni will l>c responsible fm die iiikgraiion ul 
die UV snc. imriuli., men'll iniu a nikii payload in- 
cluding (levcloping die ek-moiiKs iim-rr.ii e> with 
ihe sun-pointing svsu-nj ami the tclemi'in sssteni. 
Aflcr the lirsi roiki-i-lliglu uie.iMiieitifiits .uul de- 
pemiing on dll- i-xpeiic-nie ul die im umhciil. thr 
iuciimbeiiT.s |Kiilici]Kiiioii will range inuu ,i |Kiiiiri- 
paling inciuh.-r ul a U-am n. hi-iug in tliaige ..f die 
fulluw-oli rniket i-xpet inii-iiis, iiu lulling die Lnuiili- 
siie cxpi-diliiins. re. alii m at ii nn, and oiiginaiiug pro- 
posals to govern men i agencies fur rockei-llighi mid 
groumi-siaiKMi suppmi. 

The ipulificiilium and desirable experieme are as 
follows: a research stieniisi with ,i Ph.l>. degree nr 
equivalent in eilhei- physics, atmospheric science, as- 
trophysics, meteor olugi. elcilrk.il or mechanical en- 
gineeiing with two years of i cxcan.it expi-ricme is 
rcquirctl. Llesign ant I jesting cxpi-ricucf- with elec 
ironies systems ami miuoproceiMiis Im use in die 
harsh eitviruniueiil id spate, uud Ini surviving the 
high -vibration envirniimeiii oi launch are itipiin-d. 
Lxpcriencc in yaiiiuni UV spell ii.mooi. nuliiunc- 
try, rockct-flighi, liallnuii-iligiii, sliuulr-llighi oi ui- 
cllite experiments oi sn.iiosphrrii rescamt would 
be lughfy dcsiiahle. Tlu- salaiy range ii S‘J3.U0U- 
SSO.IiOU depending mi cxpi-rienic. 

To apply foi die position, applicants should sub- 
mit a Iccier and complcic resume im hiding puhliiu- 
lions. In addiiiun die applic.uu should lequesi Id- 
lers of recommendation Irnm three individuals fu- 
miliar with the applicant's peisimnl and professional 
qualifications far die position. All application maic- 
nalshnuld be foiwurcldl In: Di. Robert l. Sicvcra, 
Director, Cl RES. Campus Box 44R. Uniiersiiy ol 
Cok>ra(!o. Rimldci, Colorado KlKIlRI. The closing 
date for applications is April l.j, 1^84. 

Ihe Untveisiis of t.nlmado is an atTinnaiive jc- 
lion/cqual op|)oniiliiiy employ ci. 

Assisianl Professor of Geophysics^ Purdue Univer- 
sity. The Dep.niim -111 ol ( k.-osr k-iki-s. I'm due 
University uiniiipaics ,m ..pen mg lot a new iciiiuc 
(rack |K.siiion at the assistant |Mnfess»r leu-l in ilu- 
Jicauf cxpl.ii jlion geophysics. The nim-sshd :i|i- 
plic-am must lie pu-]iarcil i» assist m ir.Khuig (-xpl.i- 
raiiqn geophysits ionises, j.|vauie.| mpi.s in Ini’ net 
specially ami demoiisiiaie an ahiliiy |.i de\el..|i ami 
cqnduci prcnlinmv icmmhIi. I'oMiI.h lot j! >>r induv 
trial c\|iericiiLe is desirable-. The gc-oplnim pi... 

( rain in die ])c|Miuiidii of Gciuu.u-ii.ei ai I'lii.liii- 
'nivcisiiy. hi util l\ ..uiiiini >>| 1. mi tull-niiie geo- 
plnsiis family. Tii-ld and I.iI>mi.ii..i y .spiipiiu-ni and 
UiDiiics me available far applii aimu n> -x-isin* >y*i- 
cal and |jiucnii:il field gi->.pliiin al im ih.xli. K.el- 
li'iil i ouipiilmg i.ii i lilies imhnhiig a c \lu-i '.Mr> ,>>in- 
putcr ..pci, mil In I’m dm- 1 uiiemiy .mil iiiiiii-i.nii- 
putrii wiiliin die I te| mi i in, *ui ol i.i-mv u'lniw an- 
auil.il>!.-. 

Semi lei tei ol applii . im.ii in. In. ling Ini.- 1 den up- 
(iutiol reie.iuh tmeresi .mil goals, i inline and 
iiamcb iii dire.- u-teieini-i m: 

Ifc.ni \V. l.ev.tndimski. ] lej sill l lii-iil --I 1 ■■ ■••• u-Imi •. 
l’linlnc Uiiiveisity. W.-si J.il.tM-lie. Iiuhaii.i -IT'.xiT. 

(■lusing rl.ue im am-pi.iiKe o| appli. .iiion is M.n 
1. IfiK-l oi miii] die p. miii >u is lilleil. 

I'liriliu- L'uivi-rsiiv is .m ei|ii.il op]x.n unity : .iMu- 
nutivc .u lion empfau'i. 

Physicisi. Tin- . National (kciiuit ami Ann.isphei - 
ic Ail ininibiiai ion iNOAAt .iuihhiikcs a lliysinsl, 
GS- 1 3. vacant y in die Emiioimieiiia! Ki-iean h lain 
uRitories, -Sii, no F.nvii on mem l.ilauaiuiv. Suppuri- 
■nc Reseanli lliyision. Houldfi. (.olor.ido. .Stalling 
salary- al liS-13 h-vel is S.iii.lj^. llmici iinlmle imi- 
duiliiig u-seaii-li nn tli,- phvsics ul the mUnoriHia 
as rcl.ued m the emission id m-iiti-i ami i.nliation 
which result in disnuliaiHrs in tin- licit r-eai ill emi- 
runineni. Di-nunuiiaied ai-tiieieiiK-nl in have aum- 
pnvsiLHl ri'seauli is iii|iiiii-il. For iuiihd iufai mil- 
lion mid applit-iiimi proLdhaieS. please . .ill Mkiv 
P liuiilev, NOAA Pei sound at (StlS) 4H7-3]U'J. Ap- 
|Hiutioils musi he iiidved hy M.uih 3(1. 108-1, in Ik: 

considered. 

An equal uppmimiiiv employer. 


University of New MexIcoTaleoiUBenetism. The 
nepariiiiciil of (.colngy uf The University of \>w 
Mexm. nn iit-s applii.niuiis far ,i icnure irark full- 
time pi * m ton ns an .\siisiani l'rcifcxsur with a spe- 
Uiiliv Mi p.dci.iiM K iiLiisni beginning Fall 1984. The 
smccsdiil landidaie will lie expected tr. niaiiitain an 
aiiivc researh i program and leach at the undcrurad- 
u.hc and graduate level. The Department has six- 
teen fiill-iiiiic faculty, is k.r.ucd in a spcciacular nat- 
iii al selling mid has excellent analytical facilities. 

Apultr.irns should submit a resume, liauscripis, 
and Ihiev tellers .it rcroiniiieinlaiioii in R. Ewing. 
U^nmen 1 of Geolugy. Alhuipicrqiie. New Mexico 

,7a ' lp " a( l* ne f |,r .ipplications is April 111, 
IWH. 

l he Universiiv uf New Mexico is an equal uppor- 
luniiWaUirniaiivc jciiun insiiiiitii.n. 

Air Force Geophysics Laboratory Geophysics 
Scholar Program (1984-1985). I he Air Tone 
Gcuphyiics LibtintluiT (AFGlJ and Tin- Somhcasi- 
CMilarmcr foi Elcmical Knuineeiiug l>luiaii>in 
(SC '.ELF.) announce dial iipplu.t lions are invited for 
resi-aich a|ipiiiniiucins during die 198-1-1985 year 
in ihe Gc.pnvsks Sihular Program. This program 
liroviiles reseat ch oppu mini lies of |(l to 12 months 
iluraiion fm selected Engineers and Stirniisu in 
perform research ill residence al the AFllL, Hans- 
liiiii AFB, near Uasnni. Massac I nisei is Scholars will 
be selc-rieil iirinmrily liuni such fields as Gei .phys- 
ics. Atmospheric Physics. Meteorology, Ion (Hicmis- 
tn-. Apjihcd SiieiKC. Maihemaiical Modeling using 
Compuicrs, and Fngi net-ring. 

To lx? eligible, atinlid.iies musi liaie a Pli.D. ur 
ccpiivaleni experience in an apnmpriaic technical 
field. Some appointments may lie con firmed priur 
to August 1984 s>.< caily appli.aiions are eniour- 
age.1. All qiialifii-H applicanLi will icccive consider- 
ation withuiit regard to race, color, religion, sex, ur 
national origin. Application Deadline fur September 
Appointments: August I, Furtmihcr iiifar- 
uiaiion and appliiaiioit farms cutilaci: SCFLF.. 1 KM 
Massailmsi-ils Avenue, St. Clnutl, I L 327U9 Tele- 
phone: 1 3d j) 8024)141*. 

SlT.F.K suppoiis Fqiul ( Jp|xiiiuiiiiy'Alhrnijii\e 
Action. 

Faculty Position/Florid a Atlantic University. The 
Physics Depamiiciii is snlkiting a))nliiaiinns lur an 
cxpcriiuenial pltvsii.isi in a tenure line posunm at 
the Assisianl Professor level liL-giiming August . 

1084. 

Candidates must luve j Pli.D. degree ami have 
demunsi rated a oinuiiilirieni to leseanli .uul te.iili- 
ing. 1'ictereiice will he given m . an.lidaies with 
experience in expet imenial nlmoqiliern plivsiu, up- 
lics. ur solid stale physics. 

Salaiy is iiegi'ii.d'lc iJiadliiie for applii.it i. mi— 
April I. 1081 l ...in a. i Dr. Bjorn LimUim, llhair- 
inan. neixiiimeiii of Physics, l-lmida Atlann. Uni- 
versily, lUa Kami. FI. .13131. Tel (3UT.) 303-3TKI. 

Floiid.i Ail.iiuk Unneisiiv is an .illninalive ai - 
tioii/equal »|ip<.iiuiiiiy employ ei. 

Groundwater Hydrologist. TiiIIiimh- (nisiisnii 
Pli.I). ii j I'ivil Liigiiiivnng m l.eiiliiilitJogy with 
oik- tr. iiu- ypjix e\|K-iu-ti't- oi M.S. nidi eigln l>. 
trn sears . xperieh' e. Ihiln-s i« ill m.iisisI nf .[.'•veloji- 
ing gi.nni.iivjici .itulttv ii-sc.mil hI«-.is.wi-L tun.1- 
mg -uni i.Hiipleii- liindi.l {n.qeil IVm. gi-i4ivdin- 

|..gi. skill. tvi|iiiu-il mill si long I'liipli.oh on tin 

. at fax (.ground. .Modi ling skills di suaMe. Applii.nu 

umsl di-UK'iisti.iie I oral ami n linen ■ ..iiihmiiii- 

>. IIU >11 skills. Ih- ililei.sl.si ill di-S.-liqilllgown idrjs 
anil lit ..ssiM ii.K ill Slat) |iiaii.ig«-iui'lil. Send ismiiii.. 
i>>: Jjiiks 1' t.iNi. F li j'l. t iroitriilw j|. i Scunxi. Ilb- 
iiMis Sl.il-' W.iU'l Snivel, Bo* ‘illMl. Mal*m \.. 
til II.I.18LHI ■JIT-333J1JM. 

Fhe Sian- oi liluiius is an -iffn ni.iliv s- .ulionA-iioal 

,<pp-.| 1 1 11 III V ■'1ll).|.-.. i 

University of Rochester; Postdoctoral Position in 
Low Temperature Geochemistry. I lie Itepaii- 
nielli oi (.eologti.il N. in vies lias a p. isi.lniloi.il |«'Si- 
timi lot icwjtui "ii hiw-fcvel. naluraKi oa in ring 
l.ulioiyHiqies | Ik- 1 it. *• I -'tli. I-I2il.rti.t- Jlteri-- 
se.ii ■ It involves the sep.ii.ilimi oi ii.ki- .mioiinls ul 
these ek'ilieiiis widi emphasis .ni the inejsiiieim-iu 
ol M2!' in a v.n ii-lv nl insilei iah to evaluate its jm- 
ieiiti.il as a u.iiei fix lluid nioveiiii-iiis. Me.isine- 
tneiiis will hetiirik-ti out on the University N latnk-m 
.iciek-ramr. 

The |h sit it m is available iinniedi.nelv and » mi- 
tiallv h»r uitc vent willi a possible one scar exten- 
siidi. Send .ipplii.ilioiis with resume and addresses 
uf three referees to: 

Dr. L'do Fehn 

Depjrtiiieni iff lkculogir.il 5ncn.es 
Ihiiv-ersity ol Ruchcster 
Roihesiei. NY l-K’«7. 

I'lie University uf Roc heat ei is ail «|ual tqipvKUl- 
niiy/iiflirmaiivc action employei. 


Ceophy^icisL Applied Maiheinal Irian, The Univer- 
sity of Tulsa. 1 he lii-paiiiiients id Geusiieiites 
and Mailu.-m.il i> s im in- -ipplicaiions Im- an aiuiiipal- 
liI senior position wirli a jnim .ippmiiiineiil in both 
ilcparimciiis. A proven rciortl ot rcscarclt anti 
teaching in iiiaiheinaiir.il get. pin .its, jiuFor matlic- 
ijidiic.il plivsns is reqiuieil. Ex]iciii-ncc in cxulora- 
tion gi-..|.livsiis data processing is ilcsii alile. I lie 
closing ■Ian- is March la, I'.ISI. Semi vitae ami let- 
ters iff refcienic i<>: 

Edward lloiize. (Tuirinaii 
[)e|i.iiinieiii ul Ge.is.iciices 
1 he University ol T ulsa 
i iUO Sn in li ( olk-ge 
T ulsa, Okl.ihr.iiia TlUH 

The Uiiiveisity ol T ulsa lias an equal uppuriimi- 
isVanuiiiative union program lor snuli-nis and ein- 
plnsces. 

Faculty Po&llion/Univeraiiy of South Alaba- 
ma. T he Dep.u linciil ol Geology and Gcogr.uihy 
is seeking lu fill a ieiiiire.-ir.it k )» >>ili< in at the Assist- 
ant Pmlvssor level. I i.-gi lining September. 1984. Ap- 
plicants should have major naming ami experience 
in geological applicaiinn of re-nime sensing, and 
some phase "1 economic geology . Tlte l’h.U._ degree 
is required This is a growing department with a 
present full-time faculty of live geologists and for 

a r a plii'ts and appinximaielv 2(81 majors. I'lcase 
resume and ananue far three letters of refer- 
ence to Ik sent tu: Di. Glenn R. Sebastian. (Jhair 

t erMin, Dcpainueni ol skoluus mid Geography, 
'nivcrsiiy "I Snuih Al:ili.inia, Mobile, AL 3l>G88. 

A pplk.it ions should he sc-m licluic 3j.iv 15, 1(184. 

llic Uuivmiis nl Snuih Al.ilianu is an ctpiul op- 
pomiiuiy. -illiTiiialiv’e .tctiuii eniplnyer. 

Physical Occanography/Skidaway Institute of 
Oceanography. A physical urea nog raphe r with a 
Pli.D. is being sought ni conduct research on the 
conliiii-nt.il shelf. Prck-rciicc will be given candi- 
dates with expertise in ihemcljcal physical oceanog- 
raphy .uul who are interested in studying anti mod- 
elling ocean-estuarine exchange processes ,inil/..r 
continental shell urcubition. Smli studies will uun- 

f ilrmcm and gunk- experimental programs picscnt- 
y being cuntluiicri at llie Insiiltue. T he selected ap- 
plicant will In- nppumied at n level and salary i-mn- 
nirnsuraie with cx|x-rii'iiit‘. 

InterestL-il ]K-rs>>ns are cnimir.iged lo suliuiii a 
resume, the names nl throe imTivnlii.ils who tan he 
Limiactcil |..r ii'lcn-iiu- purposes and a toneix.- 
siateiiieui »l rese, trill it it .-rests to: Dr. Jackson O- 
Blanioti. i(il2l3. r iiH24j7, Skidawav Instittiie id 
Occnnogr.iphv. I'.O. Box 13li87. Savann.ih. GA 
314 Mi lx.-|i>re the deadline of March 30, I98I. 

The Skiil.iwav Insiiiiite of ( kennography is an 
equal ..pp.inuniiy'.iflir mail vc aciion c-miiloyc-i. 

Clay Mlncralogy/Uiilverslly or Illinois al Urhana- 
Champaign. 1 he lle-f i.ii iini-ni of t k-ulngy invites 
applu .nils for a iriiiiie ti.uk i.i.uliy piisui.m in rl.iv 
iiiinei.ihigv. U'e aie sci-kiiig ■ .tiidiilair.s who li.iv,- 
ik-ailv .l.'iii.insi t ait.l llie inu.-iilial lo Ik.- onisi.iiidiiig 
rc-se.in lu-rs in tin- gc-uc-i.il areas of iiiiiii-ialMgv. civs- 
lalhigraphv anil .Ih iiiIsth ot < lav inim-r.ils. in tin- 
origin, tli.igi-iii-sis. and met. mini plnsm oi aigill.i- 
i in ms s> ''liiiM'iils ami wliosi- hiimc rcsi.iu h will 
.oiiip|.'m,-m .hii t-visimg programs m t lie p.-trohigv 
ami iliagi-m-sis "I sixlim.-nts, v'X|H'riiui-iii.il siu.li'-s ol 
imiqiat ih.ii and ot kim-ii.s ol biiii.il iliagi-iM'sis. I"*- 
li.iiim ot i lav i ii inri .iN timing tli'l. ii m.ui. < ii. pi-iin- 
ll'lllll gi-'.lngv. aild sljl.ll- is. ill.pl- Rl-O. ll i'1 HI •! I V III 
rfdilnioii |<> ihr .l«'Vi-|opin. iii >.t a mi. mg r.siMi-li 
piogram. riii- mi. . .-ssliil > aiirii.il.iir is ,-xp's t.-.l to 
| mi tit ip, ■!•- iii all js|i**i is ot u-a. lung an. I ariv isuig ai 
the ui.kIu.iu- .mil ll lids'l glad llale k-v.-ls. 

Tin- l).-}..imiieiii oi ( .i'< .|ogy In Nisei a s.iiuh -d 
l.uihiies Im il.iv uiim-i.ilogi i.-seaiih. in. Iii'.luig x- 
t.is iliflr.ii linn .mil llumi-st >-ih e iiniis. an an uuir .d>- 
m.i | iii . hi s|i> . n. .phot. .im -i'-i . ivvo vMR sp.-i.in mi- 
llers. an * mass sp.-, timiii-ii-i. .mil .-lei • 

iron mil I'lpi.il.i'S Niiiueions uilii-r aiialviii.il si-tv- 
iies are available on « ampin. i..uiu ul.u lv_.il llie M.i- 
tcti.ils keseau It l.aGiiatin v where there is equip- 
ment im Angn ck-tirmi spn tromc-tiv, x-rav plioio- 
ek-i iron spvu i niucii i. s..i lining ele. lion 
mil iosi npv , ii.iii»iiiissinh eleiiioti uiiiii.stopv. ami 
inn niur. quoin- siudies. 

This pusitimi is av.iilahk- iiiinii-diali'ly. I'lil >. is re- 
qiiireil. Rank and sjl.in will lie .mini im ism. ue wiib 
expericu.e aiul qiijlilii.iiioiis. Fm equal n>iisiilcr- 
atioii. please Milimii a lelier ul applii at n mi ili.it in- 
t bides j sMK-iiiem of iiirrenl .mil Iiiiiitl- rcvjuli 
inter esls -is well as a ciuiiciiliim vitae, i.ibliugi ajsliv 
and llic names uf at lean 3 u-feieirees willing in 
comiiiciii on ynur qu.ilirKaiions and promise bi 
April I. 198-Tio Dr. Alk-ri V. Can./zi, Uiairiiiao, 
Scare Ii Uimimiui-e, Tiepamii.-ni of Geology. 245 
Natural History Unildinu. I3UI (V. Gre-en Siren. 
Urbaiu. IL, I'd HOI. II tone: 2 1 7/333-3(1(18. 

The L'niversilv nf Illinois is an ci|ual-oppmumiiy' 
allimuiive anion employer. 


AGU 

MEMBERS 

Moving? Call or wrHe AGU 
with your change of address 
6 weeks before your move. 


Marine Geology and Geaphyslca/Unlversiiy of 
Washington. The Sihuul iff Oceanography is 
seeking candidates lor a position as Kc-.search Assist- 
ant I'rofeswr, but applicaunns at n inure senior level 
will I* cunsirieicd. Preference will be given to a can- 
didate who has rescan h interests in marine geology 
and geophysics and who will interact with our on- 
going research projects, especially in the area of 
ridgc-crcsi processes. Although this position will 
eventually he funded through soli-gcneraioil re- 
search grants, partial financial support is available 
for thcTirst two yean. Teaching requirements will 
be limited tintl at the graduate level. For consider- 
ation. send a resume, a brief leiicr describing re- 
search interests, and four letters of reference by 1 
May J984 in: 

Professor Brian T.R. Lewis 
Director 

Scliunl iff OccatiDEntpliy, W'R-lft 
University- of Wushinulun 
.Seattle, IV A 9819ft 

The Universiiv of Washington is an affirmative 
nciion'cqual opportunity employer. 

Postdoctoral Posit ion/Almo spheric Chemistry. 

A post due tor al position is avail able- for a person 
wiili a Pli.D. degree in chemistry (prcferrably ana- 
lytical or physical) or ink to meteorology. The posi- 
tion involves die mcastircmciu of ucmosplicric acid- 
ity and the dry deposition of trace gases From low- 
ers and airiTdll. TTic successful applicant will he 
cxpcLic'd in travel in a variety of held sites and lo 
pcrfnrni riii-inknf analyses using ion chroninlugrj- 

E hy, A facility with cum pi tii-r programming, the 
ibri.alii.il of ic.seauli equipment, and curellll 
rliemical cniuamin.itiim-i omiul woulit all F.t- useful. 

1 bis is a luu-vear full -lime jxoii imi, willi an an- 
nual salary ul Sl’i.lKlU during lire- lirsi year, to ln-giu 
ill die SiiiiiuiiT of I IiiliT'.'Steil pciMUis slinukl 
send a rt-stimc. iijiiu's and phone nuinWi s ol ihri-e 
releiTnrc-s, a siatvmeni ol reseat cli iuiei t-sus. and 
-ins i.jiritus m Barry Hhc-Ih-i-i. I 1 i-|mtieiic-iii of 
('.lic-iuisirs. Gulin ado College, (jilmado Springs, t.t) 
811(1113. * 

Golmadu College is au ei|U.ii upponuniiy eiiipho- 
ci. 

5 1'L'U FIN 'I (>PI*OUTUN ITI KS 

Opportunity Tor GmduBtc Study in Igneous Pcirol- 
ogy/Isolnpe GcachcmlEtry — Soudicrn Method i si 
Universiiv. 'I In- Dcpai'lllu-lil • it tn-i <ltigh.il Si ii-lli ,-s 
at ‘soiitlieiii M<-lliodisi ITnveisits in Ikill.is. In.i> 
seeks i mi sla n. ling unlis iiln.il- iiil«-re'sied m a I'lil* 
prngnin in mucous prirologs ,md-'oi ■•..it. i| g.-u- 
i iiciiiisi i y I he siutt ssiul qq.ln .nn sIumiM Ii-im- a 
strong iMskuroiunl ill g. silngy. > iit nireii v. and m.illi- 
c-tli.il «• .lint all uili-l.'sl in volt .nil. pnm sM-*. Ki 
seal. I; will i ns ul v p.iiiiii|i.iiioii m a inTd-.a iim.-.i 
jM'lio|..gii al. g.-.n hi iiik.il. am! i.'ir. iia i sin.lv "I l ale 
(T-ii.i/oi. v..|. inisii) it. iln- • liil.Mii yiidi's I"' Im 
llu-i .l.-i, ills .mil applk. it ioii> relrasr ."in.ni eitli' i. 
Di. H S. Iliiitiiiin (21 Ii liML’- .iiT'. 
oi 

Di M A. Diuigati (21 li t''.>2-2<.T2 
flrpari nu-ni ul (ic<>l>>v;ii.il s i*-n - 1 • 

Sl'lll lit-lll Till' "fat i HIV.-IslU 
ii.iii.is. I i-'l.is t 

Slate University- of New- York at Buffalo' As*i slant- 
ship Opportunities. The llc-p.irunc-nt uf c.r.ilugi- 
■ alftik-nces mvires giavlu-ue applii.uiis tin 1 jll 
1984. (iracltiiiie-T e:n liing .is'isi.tntsliips offer .i sti- 
pend up in S'l.Tttn III} lor 1" riniiidis. plus tmiimi 
vsaivvi- S|H'ci.il assisianl slops ill gei>p}ivsiis. 
jjc-urlicinisiiv-miiit-i-.iloijy, and glaciology raining a 
Td-niuiiih siiprnd ■>] S72un.ini plus tuition waiver 
are available. Addiiional suiniiier Mippmi i> |i«.ssi. 
blc Appliiuiium can be uiil.iincd fn.ui «he Depart- 
mem nf Geologic. il ■sciences. 424U Ridge Ia:a. Am- 
her si, NY L422(i, 7l(i-H3l-3lljl. Deailfinc- for re- 
ceipt ol all nuienals is March 3H, 1984. 

The Siare L'niversilv uf New Yolk al Buffalo is an 
aiiirinaiivc jcdon/cmiaJ upporiunitv i-mpluyer and 
insiu-s applications from minority and women can- 
didates. So jierson in wlraiever r'elaiion willi 
SUNVAB shall be subject lt> discriminatiun oil Ihc- 
basisoi age. color, uaiinnal origin, nice, religion, or 
sex. 



AGU Congressional 
Science Fellow: 
Midterm Report 


Jack Fellows 


As the recipient of (he 1983-1984 AGU 
Congressional Science Fellowship (Eoi, Sep- 
tember G, 1983, p. 543] I have been asked lo 
report on my midterm experiences. I have 
learned two major aspects of business on 
Capitol Hill. First, 1 am impressed by tlte tre- 
mendously import ant relationship between 
science and the political world of Congress. 
Congressmen need and actively seek technical 
advice on legislative issues. As a scientist, 
one's point oF view can have an impact on so- 
ciety its well as on one's discipline. 

Second, l have been overwhelmed by the 
derheation of members of Congress and their 
siaff. As in corporations and academia, tlte 
politics and bureaucracy can suffocate: many a 
goad 'dea. Howeycr, considering iliese 
ihings, plus overlapping committee Jurisdic- 
1,01,8 * n d the inherently difficult legislative 
process, it is still a wondermeiu to meithat 
• Longress manages to produce anything- 

The AGU Congressional Science Fellow:' 
*mp consists of four phases: selection, joricn 1 
latum, placement, and assignment. I would 
uke to discuss each one of dtese phases; . , ' 
‘Brough epch, I feel (hat I have learned and \ 
grown both personally and -profession ally; 


Selection 

Application required a letter of intent, vita, 
and letters of reference. Once shorl-lisLecl. 
one wrote and presented a congressional 
briefing lo a peer review board. 1 chose deep- 
seabed mining as my topic: it offered me the 
opportunity to show my ability lo research a 
briefing on (to me) a loially foreign topic. 

Orientation 

In addition to AGU, 19 professional societ- 
ies enroll their Fellows in die AAAS Congres- 
sional Orientation Program. These societies 
include the AGU, ACS, APhA, NS PE, IEEE, 
and others. This year there were 42 Fellows, 
ranging In age from 28 lo 50. All but 10 of 
the Fellows have their doctorate. 

Fellows have been placed in Congress, 
OTA, and the Slate Depart mom. Besides 
constantly tapping our Fellows network (ihe 
Fellowship) for legislation information, we 
have regular dinner and luncheon seminars 
and informal meetings. We set up our own 
seminars, which have so Tar included topics 
like Central America, ethics, the “gender 
gap,'* arms control, risk assessment, and lob- 
bying. I have: had the great pleasure of beirig 

■ the chairman of this year’s Fellowship. 

The goal dr orientation is to prepale one 
' for placement in the peraonal office of a 
member, on a committee staff; or in some 
other congressional briiricli.,This program is , 
a' rather grilling sequence of congressional 
! briefings from congressional agencies, mem-. 

' hers of Congress, committee staffs, historians, 


AAAS representatives, former Fellows, and 
others. In addition, there are meals and re- 
ceptions with speakers, members of Congress, 
and congressional staff. The Fellows’ friend- 
ship develops thrpuglt this exhausting hill 
thoroughly enjoyable M boni camp.” The 
AAAS orientation is similar to the orientation 
that freshman congressmen undergu. By the 
end or the 2-week period, one has a better 
understanding of how Congress is structured, 
how it operates, and what forces both ema- 
nate from Congress and shape Congress. The 
contact with congressmen and staff makes 
one aware of the important "players’’ in Con- 
gress. Now was die time Tor placement. 

Interviews 

We were now lei loose on Capitol Mill to 
find a position lor a year. All tlte interesting 
aspects of congressional work we hud hemd 
about during llic otieiuaiion made it very dif- 
ficult tu chose the appropriate ntemher, com- 
mittee, subcommittee, or ccmgressionul 
branch. Prior to the orientation, I had cl to sen 
' to work on Tiydrologically related issues. - 
However, during emenhtuon I had added . to 
my lisi.tlie areas of innovation, productivity,. . 
' industrial Ijpoiky, high-Ltch development, and 
foreign affairs. : . / • 

AAAS provided us with a room full of. ; 
phones in the Seriate Hart Office Building, a 
list of congressmen looking for Fcilqws, and 
interview comments from last year's. Fellows. . 
The AAAS' ' leadership ,aiid support are iifdis- 
pehsabie to . ihe success of (his program. ■ 

. I left my Condensed, one-page resume. at . 


more than 30 offices. I evemually interviewed 
with IS persona] offices and 6 committees on 
both the Senate and House sides. I went back 
to many of iliese offices two or three limes. 
There was a constant exchange of interview 
in forma lion ill rough tlte Fellowship network 
and relatively little cnmpeiitiun. We found 
out a lot about ourselves, Congress, legislative 
issues, and especially the underground tun- 
nels interconnecting the congressional office 
buildings. 

In spue of nil my criteria for choosing an 
office in which lo work, mv choice rested verv 


heavily upon office “c lie mist iy." ! chose to 
work in llic personal office of Rep. George E. 
Brown, Jr. (D-Cal.). 

Work 


Besides being on tlie House Science and . : 
Technology Cantmitiee and the House Agri- 
cultural Gout mi lice. Rep. Brown lias a per- 
sonal interest in reiuotc-seiising applications, 
water resources, and data base management, 
all or which -.1 was. involved in at the Univctsi- 
iy or Mary la ltd. Some of the other Fellows 
have told me that the ntembeis they work for 
■ do not even know their Fellow’s name, I Telly 

S ' nite fominaLo ip this respect, because I'get a 
taiice to utlk with Rep. Brown frequently ;l 
arid I have accompanied. him on hearings and ; 
speech trips. . . , . • 

.For the first 2 mouths, 1 read congressional ■/ 
. reports- Attended meetings; hearings, mul h - 
door debates and familiarized myself with 

r AGO (tout, on p. 78 ) .. 
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AGU ' 

Congressional Science 
Fellowship 

The individual selected will spend a 
year on Ihe staff of a congressional 
committee or a House or Senate 
member, advising on a wide range of 
scientific Issues as they periain to 
public policy questions. 

Prospective applicants should have 
a broad background in science and be 
articulate, literate, flexible, and able to 
work well with people from diverse 
professional backgrounds. Prior 
experience in public policy is not 
necessary, although such experience 
and/or a demonstrable interest in 
applying science to the solution of 
public problems Is desirable. 

The fellowship carries with It a 
stipend of up to $28,000, plus travel 
allowance. 

interested candidates should 
submit a letter or intent, a curriculum 
vitae, and three letters of recom- 
mendation to AGCI. For further details, 
write Member Programs Division, 
American Geophysical Onion. 2000 
Florida Avenue, N.W.. Washington. 
D.C. 20009 or telephone 462-6903 or 
800-424-2488 outside the 
Washington, D.C., area. 

Deadline: March 31, 1984 > 


AGCJ (run/. ft»m p.77 \ 

cun^mMuiiul mid office procedures. I was 
Riven imliisuiji policy, space, information, 
anil water resources policy as issue areas. 1 
was nut rivcii a specific project, except a 
speech un die rule of the federal government 
in science and lechnuloRV. During this time I 
licljjcd on (dike projecis oik! constituent 
woik. ('flic volume of letters, requests, and 
iiiftiruuuittn coining in to a congressional of- 
fice is staggering.) I attended Congressional 
Research Service programs lu familiarize my 
sell with i lie Library or Congress and its dam 
bases. 

In November. Rep. Drown asked me to ex- 
amine llie possibility of drafting legislation 
for the commerciali/ulion of Landsat based 
on discipline resolutions and not tile 80-m 
resolution of current proposals. I learned a 
great deal about possible suggestions at the 
National Telecommunications Conference 
and Jet Propulsion Laboratory. 

However, after Congress adjourned in late 
Novcml>er, I was asked io write four speeches 
on industrial policy, iiiiimmion, U&D, and 
productivity topics. The Landsat proposal 
was shelved Tor a while. 

During the recess Rep. Drown also asked 
me lu examine an Oflicc of Technology As- 
sessment recommendation dial the United 
States needed a Nuiiuim] Center for Water 
Resources Research modeled after the suc- 
cessful National Center for Atmospheric Re- 
search. I have made some proposals for such 
n structure dial have generated interest with 
Rep. Drown, memlicts of the interior Com- 
mittee, and die National Assmiation of State 
Universities and l^tml (ham Colleges. The 
liming may actually In- correct for this legisla- 
tion. A Ini of politics and arrangements must 
k* worked out before such a hill will be intrn- 
diuc'il. I Imvcvcr. this legislation has now be- 
come mv main locus. I he chances arc small 


that it will make it to healing-, before I Ic.ivc. 
but 1 am endeavoring to lay the liunidaiioii. 

I am enjoying the Hill veiy much. I know 
already it has had a gicai impact on im life. I 
know [ will remain politically active when 1 
return to the scientific ciiiiiimmily, and I 
would highly recommend this program to 
anyone regardless of profession or age. 

AGU Membership 
Applications 

Applications for membership have licen re- 
ceived from the following individuals. The 
letter after the name denotes the proposed 
primary section affiliation. 

Raffi Aroian (P). David Baker (P), I). Craig 
Barilotti (O). Stephen J. Barnes (V), Thou us 
0. Barnwell (H), Robert P. Bessette (G), Bri- 
an Bicknell (H), William Blumberg (A), Mi- 
chele A. Boccadoro (G), Richard Boylan (T), 
Robert C. Bucknam (T), Roman |. Budzian- 
owski (H), Bruce M. Crowe (V), Charles C». 
Cunningham (V). 

Calvin R. Dunlap (0), David M. Farmer 
(0), Terry Fundak (G), OswaJdu Garcia (A), 
Moisei Garcia-Munoz (SC). Oktay Guvc-n (II). 
Paul P. Hearn (H), K. V. Hodges (T), Kerry 
F. Inman (T), Tom Imralor (SS). 

Richard Janda (H). Kathleen M. Johnson 
(V), Alan G. Jones (GP), Thierry Juteau (V), 
Peter Kearl (H), Tec Keith (V), W. J. Keith 
(V), Len Kobus (S), Randolph A. Koski (V), 
Donat lion Krier. 

Edward Laine (0). Kenneth K. Lajoie (T). 
Pasqttale Lanciano (T), Timothy F. Law-ton 
(T), James Leaird (S), Craig Lindberg (S), K. 
K. Liu (A), Mitchell W. Lyle (O), Peter Lysne 
(V). 

Ann Macs! (V), Maureen Mahoney (V), 
Marangu Marete (H). Claire Max (SS). Linda 


| MiAd.imsiS). Anne MiCoini.ii L HI), 

I Imiuus I*. Milli-i (V). M 1 1. 1 nii I Moiriwm 
(S.U 

Rh lun 1 1 K Nisi mV). I .iisnki Ogino 

(SMI. I mil .min < 1 1 s i i VI. .Sii-Lum ( )| sinj <SM) 

I M'olgi- A. I'.nU tih. r.ml R I’.issuiiirc- (Si I 
l*. I'.llrl (Gl't. Jose M I'eii /■(’■> nii, \ (J|j f 
lames Knl u-ii I'odolski* (At. Bt-nyamin I. 
Uiu- 1 1 t. |. lines \|. U- -liens (.\i. |l,i\i,[ A. See- 

ii la ii ii fin. Irs L. Sliv-f ili.ii ii (tij. Andrew W, 
B. Sidil.nis i I >. Joe l A. Sihn ( A). Stephen I'. 
Siniiii (Vi. CLindr J. lines Sinling. R. N. ,Su. 
dan (NS). 

David |. leru-ll |Y). Kolu n 11. | In, mas 
(III. Yves M. I <>m 1 1- i()|, Mi- had Tiainer 
I A I. I'ukii I't.ilic (S). Jose Fin V.ildc-vGalkia 
(SC). Kimimiko W.u.ni.ihc |SM), Uiwrcmc 
Weiss (ID. 

SllldctH Slums 

Jim Aln.ivuiio (V). Dave Bnden (V), fj. 
llcilieit lln-iit-m.m (SC). M.uv F. Cal css (V), 
StcTano C.isotio |(i). f. Viiueni Fades (A), 
Bluet- l-iunev (l)j. I’eiei II. Glc-ick (At. Aim 
Mt-v (O), Suuglaik Kw'iui (V). Lrn Mnxon, 
Kim Minpliy (O). David W. Mm ray (O), Ncit 
B. Myeis l A). 

Brian B. Quinn (S). Ingrid Rc-ufiet (T), Jo- 
seph Shields (SS). C;ul |„ Sid ring (SA). Deb- 
orah K. Smith ( 1 ). M.uv Stieeicr (S). Mu- 
huinc*d Sultan. Akiko I'i.iIh- (V). Lmlnvit 
Varga (SM), Jut D. Wooslev (A). 


AGU 

MEMBERS 

Please write your member 
identification number on your 
check or money order to speed 
accurate processing by AGU. 






' -,J , 

' ; ill 


Announcements 

Elevation Datums 

Llvvaiicin <l.iliiini are the- subject ol a I -day 
program on March 1 |<M|, ,u Hie .iiinuul 

meeting of Hu- Anicric.in Congrt-sv on Sur- 
viving ai id Mapping i.V GSM) aiui the Ameri- 
can Sncicn of I']iniogr.inunc'in in Washing, 
ton. I). C. |iiiiiih spmisotcHl bv AC.S.M. the 
Ainc-rit an Ass-h i.iiicm |(jt < ■cudc-i ic Snru-v- 
ing. and ACC's ( ■ cm less Sc-uimi. the si-wim 
will Icatiire 11 im|h‘is. kegisiraiioii Inrihc 
session at in ember rales will apply In AGU 
menik-rs. Fur ftu liter in for mat ion. contact 
'Nichi.isJ. Loiilcrluni, Kie. I. Box 187. Wa- 
lerlonl. VA ffiflUC). tdeplioitc- 70;CHB2-3S:i I. 

The papei titles and am hors lur the program 
arc ds follows: 


Historical Otervit-u of Veil icy I Datums. Her- 
bert W. Stoughton 

i-c-oinitrical Aspects of Vcrtkdl Datums./. 

Bunf.F. IV. Yi/iing, rinef R. Mi tuarht 
Defining Vertical Datums: Wliai Is Zero?. 
RirhutH H. Rupp 


Aspects ol a New I [eight System lor North 
AiiH-rir.1, Stindfutd It. HhUhU 
Feiinnicaiidi.1 Uplift, Plate- Tectonics, and 
Seismicity . amt I Itc-ir Kllcm on Vertical 
Datums, l.any Hutton 

Delmiiioii: Oc-eanugr.iplik Approach, bwee 
(.’. Douglas nnd Robert E. ('.hauex 
The Drier niinait ion of Geotkiic Height From 
User 1 racking Data, David E. Smith and 
Demo i C. Cht Mint, wit, lit 
Deep Sea Techniques and Vertical Datums. 
William E. Curler 

Graiimriric Appr-Mclt to Defining Vertical 
Datums. Liowoi E. Wilrux 
NAVD I08H: A Status Report, Charles T. 
Whalen 

The Adniiiiisirutisc-. Political, and Economic 
Aspects to Be Considered in the New Defi- 
nition of the Vortical Datum, John D. Bossier 


Geophysical Year 


New Listings 

June 1 1-12, 1984 Fifth European Confer- 
ence on Environmental Pollution, Amster- 


dam. |V. M. Bhamager. Box 1779, Corn- 
wall. Ontario KGH 5V7.) 

July 5-6, 1984 Second Symposium on Plas- 
ma Double Layers and Related Topics, 
Innsbruck. Austria. (R. Scliriuwicscr, lust, 
[or Theoretical Physics. University of Inns- 
bruck. Sillgassc 8. A-6U20 Innsbruck, Aus- 
ma.) (The deadline For registering is May 

September 20-2 1, 1984 International Sym- 
posium on Environmental Pollution, Site 
To Be Announced. (V. M. Bhamager, Box 
1779. Cornwall. Ontario K6H 5V7.) 

■«« International Wa- 
ter Well Exposition, Us Vegas, Nevada. 
Sponso. National Water Well Association. 
INatJona) Water Well Association. 500 W. 
\\tlson Bridge Rd. t Worthington, OH 
43085; tel.: 614-846-9355.) 

October 10-12. 1984 Seismologlcal Society 
of America Eastern Section G6th Annual 
Meeting, St. Louis. Mo. (Kohert U. Hcrr- 
manu. Department of Earth and Atmo- 

n p onn, ? ,ces ’ Sl Lo,,i5 University, l».(). 
5“®* St. Louis, MO 63156; td.:31-l- 
to8-3 20.)(Abstract deadline is September 

November 1984 Mexican Geophysical 
Union Annual Meeting, U Paz, Baja (itli- 
°riira Sur, Mexico. (Union Gcofisica Mcxi- 


caiiii. A.C., Cumin.' Oiguni/ailiii Reunion 
1984, Apiiicidu PiKtisil IHCi;,. F.nsc-nada 
228(10. B.C.N. Mc'\ it « i.)( Abstract deadline 
is August 1.) 

April 9-1 1. 1985 Filih Annual Fmnl Range 
Bram It Hydrology Days, hilt Collins. 
C«»lo. (II. j. Mfiu-I-Scvlmix. lH-pt. ol Civil 
Kllginct-ring. Coin. St. Univ., Foil Collins, 
CO 811523; tel.: 303- 191-54 18 or 8549.) 

June 20-28, 1985 U.S. Symposium on Rock 
Mechanics, Rapid (.ity, S. 1). S|hnlsoi. 
Souili Pakula Nthonl ol Mines and Icth- 
imlogv (Kilirn Asliw-orili. < Jiairnun. 2ihh 
U.S. Svn i posit 1 1 n on Roik Mi-tlKiiiks.Dc- 
prinic-iit ol Mining I'.ngiiHt-ring. .South 
Dakota ScLtittl ol Mines and Icdiuokigy. 
Rapid City, SI) 57701-3995; u-l.: IHI5-3W- 
234-1.) 

August 19-30, 1985 23rd Gencrnl Assem- 
bly of 1ASPE1, Ink vo, Jiipiin. (Ryosttkc 
Sato, Six rciary-Gciiciafnl the 23rd Gener- 
al Asv-uiMy of lASPF.I, t/o Inter Group 
Cotp., Akasaka Viiinukatsil Bldg., 8-5-32. 
Akastika, Min.iio-kn. Tokyo 107. Ja|«iu; 
lei.: Ink vo (1)3) 179-5311.) 


'1 In- Geophysical Year calendar last 
appealed in rite Dm-inher d. 1983. issot-'- 
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Geodesy and Gravity 


m ErrtCT a oF < cS^ifi4Tt H s5^ l . c l J; ch,1I 'i“ B ») 

ar rsssu 


Cora'. ' • 

, * Marini Ml'lfSSSSffS ' 
in* Che EMnoionatlim D? i 

expansion under an *rt>ier«™ EnSIl?* 1 h ;raonlt 
EOerdlniEe syaCiM. (Otieton at the 

nuoaaicot toiei-tth J** roiul te or 
order WO. nil reawwi^dSSiw,'? '*•»*«• ■««» 
accuracy ot the etioritta ,2*5**? -. 

i. '»i»hjra. Raa.. a. ra»ar^Soi« 1 "• thod "> 


ihriMrai ' Hydro U»,j 

M™oir^H'‘^^ 0 ' T " K ’ 1,r - HtAarBB1U 

Kittle. lot,, w. T SiS! Mi. 0 ; 

sataat of h H> aav^ S’ UUh »• BwlunbacB 

la'SI , * U » fM0 « the aalTLrah r d*J| tlla 

■ « RilU blochaalril tld ?‘ «»<«»» 

»t d-taralnaa the da-t.o bww “ *0 tart, », 

TJotobollc ptoducfa batvean BUtT ‘wra and 7 

Th ' P'lnttpl.i of “hoerlaa 

tWal^ “ ■’“'I'Mral B *e»<tp MdU 

.^••rto-ar. ^ v ; £ 


3199 Ucnarnl 

OH TIIK 9n«nLEH OK I-MMIMIULK tOVAMASCK AND 
VAMUOHAN W-DKIS 

c - Owlarabna « l'r-«H]io>iH Ht., Kolliltaou 9q., 

Athene, 817. (Ircnre) 

Ihe invar Inn, „ unit vnrinKrnin endele (nrdlndiy vr 
gonaratUudl nre loimrlnnt HlntlH'lral tonla, U *J" IB 
vorluua dm In,, t Inn nnd nlnilnclnn te«hnlqnea, ehlCR 
hovo bvui meant ly nppllod tu illvorao hydrolo|lc ' 
pcublaos. The preaem article provides the neat* °‘ 
thoao lachnlquan with cenvonlant trltarla 10 J«d*» 
vhathor n (unrt Ion vhlrh itrtaen In n particular 
peobleB, and la not lncliulod oornK the taovn corarlsot 
or var Ingram modeta, la peroisalMe au auch a aod“- 
Thla ta dona, by lnveat Ignt tr.g eba propactle* of in 
-^undldnta cudal In both cho apace and fraqudocy ' . 
doaalna, nnd covers stationary randoo function* a* 
a* aoae Interaatlng clasaon ot om-ltat IrnisTT r“ ae " 
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pamlastbl! ley. spar a trnnifonHt Inna), 
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Meteorology 
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(LWI) orion glvo airsliallnr resiilU.for i 

■ tsce psrnautarL .Became the dlfferrneep ,s« ; vj 

>toli)grcp] l r i|gnif icon! ODOimts pf 

i l-Riortent to undafttara tho eouptoi of *1, . . 

1 *° frti ont an evaluation of th«; • t , 

Mdoly used M , In tarns of the asiusptione , . 

jfi each, the cl tret ic condition, on *4>w6 «•*“ 
hsmed apd on tho ro-ult* Of ««h c*^ared "“Tr 

1 fVUb-corptifd Triai tha full radiative »r*W” r 

«9*is»lon (*TK| with tonally aro raged st*w|*r« e • ;r 

• • .•» , t f •• I • . 

fercocci cis) test 
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into. hnmUlly cloud |-rufrtMf* In tliv 
phrrK (olun i* wi- 1 1 .1* -it llio surface . lluiv 
inlciil.lll°n' nrVo.il Ihol is-lor clrjr d.- .•■ndl- 
ti>in«. luv m-m.laril ■JiVl„t1„n ]>l-i 1 ill l.ve |..a, ..f 
olihDr t( dpor.it un- 01 -i-wlllc liunMIt} In ih. 
3ira*-i*hrrK f>luon (Im- >uri>i--u l.ivci 

in»ro>ha-e lv-M v-irl.it I "iv ■•■f 'ai-ln K'.' . it,,-*.- 
carta) Ion*. >-hKli koulJ In- Icpl'.il .if 11 m 
II. vurlm n>nc .'I Ih rvnnlilni: lr«v itpl. a ii • 
ru-phi , U v.irlJl*t III » . nr i- ,yi,"nil I r ,- 1 Ii •- 1 (l.n, 
the di flrronc.-o pn-bfcrO W nutn,- dtifvicnv !■! 
for tin- min mria.o .omllt l.n* M tkoncl. ihr 
JlffcionLD tv.-tv.-rn M t.wt him I 1(11 Mil - ii, hi- 
l*[£c, ihi- rcnnll* rr.* ihe- hi-rllin.t an.1 '.ndcriini 
Torr.dlur •lupll.uf the ml vli-JI civ |V.t» In «l'- 
h-'D' nnJi r a aid. rcir. >iv- -if twin and pcriuri-cJ 
condli Ion'. 

The RTl ttiiJIoi also rcvvnl lh.,1 l.h larljtlon* 

Ju< lo clouJIno* offcftv van hi- very brer. Iw 
cloud* can icdncr Ih’U (rm t Irir dv rhino % t., a. 
auch sv 7 l> N/rs*. fhi-iv Ih srr.oiK .l«-|*n.U-n.-v of 
IMtn ihr rcrl ml Jlvt i llmi t-'n of ilrvi,J i>T«-|.i-r - 
tio, uhlvh render-, usclciv. fnr eat lm.it In,- lt<|jii- 
lanr-vn, IM under flr.ii.lv allc*. UK- N vhul, d>. 
not ciroTullv dloilni'iilali in-ivcm . luiij Hit’. 
n, accuracy of M f«r cl lt*nl..loali jl appll. II tmiv 
cannot l e (>l«vvrJ ulthnni Inforiut i»n nh><nt lh>- 
|it;»|iMi and tc-Qpi.ral .Uhl rl but Inna ol \ 1'unl 
proper tic*. 

]he cooptilc.l aonsl 1 1 r 1 ly „f l.h*i I (. r.,ri*llona 
In the atanapherlr culiuwi 1 1 luat riip* the * >|-o ol 
Infernal Ion nnd I Vie level M uc> uracy ncce-’irv- to 
attain * particular luvul of nccnr.i. > lu Ihx. In- 
proved rrnolr nclialny tcchnl.pi.-i nnd Improved m- 
rera-vllon about ihe clen.1 Jl’trlNitlon aiml’ilv’ 
nil lead io butter oarlmiiur of iivttui the -ivoon 
nirface and ■ iviro rvalisltc parancicrl;*' Ion of 
cloud rffoct* In 01 . (Radiation, surface enc-ray 
budget, c I ond, I . 

Rav, Oaophy*. Space Phya., Pnpor 4RQ219 
1720 CLIitatolosy 

EFKICTS DP DYNAMICAL Hf AT FLUXES ON W5DEL CLIMATE 

gusmvm 

W.-C. Hang (Ataeapharlc and Envl ronmanrel Raaearch, 
lac. , Caabrtdga, MA 02119). 0. Kolnar and T. P. 

Klichatl, and P- H. Stona (Cancer for Nataorology and 
Fhyalcal Ocaanography, HIT, Cambrldga, KA 02139) 

T\a aifacc of tha wrldlonal and vartical dyoanlcal 
hut riuxu on eliBsca sensitivity la iavaatlMcail 
using an annual nan coupled high and ton latitude 
radlatlve-dynaalcal Bedel of tha Norlharn ttanlaphara. 
Tha andal waa con, true tad by Incerporae Ing a utldlunal 
(alBoapbars and ocaan) dynanlrat hast flux paraaatar- 
liatlon Into a two-iona (low latitude O-ION and hUh 
latitude 30-90N) version of eba vartical radtactva- 
esnuctlva andal. Tha ataoapharlc vartical dynaalcal 
bait Mux is parsMtsrtasd through tbs eeovacclvs 
adjustaant with tvo critical lapaa rataa - cha aotat 
adlabatle lapu race and tha critical value for baro- 
eltnlc adjuatoant, TM Mrldlooal dynaplrat haac flux 
la related co cha oarldlonal caaparacurc gradient 
aaplrlcally. Cloud covers and slclcudaa and relaclva 
haoldlcy St* fixed. lea tlbedo-taoperatura feedback la 
Inetudad. 

Tbs feedback in cha dynaalcal haac fluxsa is found co 
produce a acrong stabilizing affect on cliaate. Tha 
■arsing of the haalaphartc aean aurfaca taaparatura 
(Educed by a IT Increase In solar constant end a dou- 
bling of carbon dioxide concentration could bo 
lactaaaod by u such ai a factor of k If tha feedbacks 
ftos cha aarldlooaL and vertical dynaalcal hast fluxes 
vara both eliminated. The coupling sf(scl of cha v*r- 
ttcsl and oarldlonal hast fluxsa la alio calculated co 
la vary strong, t.i., the vertical flux feedback La 
Itrongly stabilising In tha prosaoea of oarldlonal flux 
fandback, but daetabl Using In Its abaanea. In fact, 
(ha aodai’s currant climate (a unstable In tbo latter 
caa«. 

Tha intsractlona of tha dynamical hast flue vich 
othar tampacacure-doptndanr faadbaeba auch aa radia- 
tion, lea albadn and huoldtty, and thole eubasouaot 
affect! on cllasti era also ttudled. (Cl lasts 
•analclvlty, Dynaalcal heat flucsa > 

J. uoephya. gaa., D, Paper 4D023* 


Oceanography 


U71) Clrcnldtlon 

)EA!I 0UMMTI.JC1 AND HM rolTrTl'- MA'll lit ’Ulr. 

cATTOil ,-^Tmi ATLANTIC 

«. Ijv,uia (Inst 1 tut riU- rkvivahiiJ’, Ct-h.cS, 
C<laeormiecoK.ir Uo; ^0, Conwy > , B.li. tc- 
w shtoUlis-CMchod Luuyr- luive *>».ii i»i-as.»l 1" 
the tortteni p.ut of tlx- vxe tem ur>i cciAir, i Iktil. 
AUaidlc 4ui-lm 1931 ,u>l l A- i.y tin lutflliut file 
flamgfeiMk-, Mel. AH It Ion illy , o luyi wplvye.l 
In api-lng 1900 by Uw bsjporj In-tltulc Win teen 
tiKon .jwr, r-bsn vnlu-.o uxl Vfu-l-uv-os .ai *".<L tlr- irr-nn 
la.i* tocn fftleul.novl l->r 3° i.y V J o,viu. Die ln-u, 
veloelt tea oonrino tlx- l.-iiTV-e-.-nliu jiyre cli-culm l-:n 
*a 'Jeducei ft-an li>’D-.^3-.i|jiIc Jxtn .-uii n.om'rl-.-.il iroV'lu. 
cord iv or tiv , anxr 1;' 1-x.itwl n>. uho"' " 'll . Ixuy 


-.'u.-iry -fcope-oca *ut- jtJ Hull.- Ara urJ la 
'."<i:cui.,-.'iU-J nUne n« lira— . i, ■'u.-r-ot. Jr 

■1 < (l.n tlx- H.:-rti, Atlantic tVuT"-iit I Polar Ft*:r.' ' 

J-- li>= :.'lu u-kuMf or i-ily vJi.mtlc -r vrp- f- 7 '' ire 
'Kitlr.ns, 1 , At lord Jc, tden-sv in* Ml.l-AcUnl U- 
IxMj'-- '!• Ir- Mir» of x-ily tnorfl. E-Uy 1-lretl.- 
■ ’u-i'iT, ii« l.'orii, rilv*!-: i.'urwiA dMicwr 

lr ;." tiu* d - l«-lr llr:. Fo JVIlir.J io JM i> 

II ■ -.•.’’Cl A "cctlaul. A b-r-Viln. fo-^l -:f l-.c Hdjy 

fcilx;'.l-.- Wwr S! ''less- 1 1811 l'rj .jn' i r- t(p , 

ceiKi-at IJ-vrih Atl-wtfo cut jl tl..- A'Jd-ir] Vlt L c hJ lff-. 
IK: lt'.ti 'JL-Ivaswi, tcdt-x, Urt Emcgv-J,. iij Airlcfin 
r.lrir vl«» Uu rr*.-.v soil It.jrJ flow al_o l-iccrm-. 
sir iv»i-. TVt pcaultB c.v:n« riu- i^g.’r o:eur.. 'A’> 
lAnttc, litui .'IrC'ilatlcfi, -irlftirgr lu-y?.. 

J. Coopbya. Ron., C, Paper 4COI5& 

A76S burfacu woven, tldnn oad an* level 

AFPLKJATim OF A SIMPLE HUMERI CAI. «*VE PPEhlCTIClN 
MODEL TO LAFE IRIK 

David J. Schwab (Crest UVol Environmntal Raaenrcl, 
Laboratory, K0AA, 2300 Uaabtanaw Ava., Ann Arbor, Ml. 
401041 , John K. Bannatt, Paul C. Liu, and Hath A. 
tone Lao. 

A poranetilc dynanlcal fcavi pradlccion nodal haa baan 
adapted and tostsd agalnal lamlanalyllt ooplrlcal ra- 
aulta for steady conditions in a circular ba*ln and 
oxcunaLvs (laid mcasurccame of wave height, period, 
and directin'. Tha adaptod mmcrical eodol sccuratoly 
pradtetn tha dlcactlounl epinadlng oi uavao Tor uni- 
faro steady wind prodlctad analytically for fetch- 
llaltod uavna, Uhon thn model woe applied to tho 
central basin of Lake Erin and cha results coopered to 
obtorvatlona oi vava height and period (at two points 
la cha leho) nnd direction (at one point), results for 
wave height and direction ait Luton vara excellent coo- 
pered ta aisauresenc* at a research lowor oif eh* 
southern ahora, but computed uava heights ware lower 
chon obaervsd at a waathat buoy in tbo western part. 

The nodal sonowbac undaraatloatad uava porlodn at both 
place*. Thus, with locally Dsaaursd wind data aa In- 
put, the nodal aseuato* wav* holghc and direction 

KS3 i a& I 

Particles and Fields — 
Interplanetary Space 

1)10 Cosmic Pays (Solar Kadulaclonl 
SOLAR MODULATION OF COSH1C BAY ELECTRONS 1970- 19SJ 
Paul Evanaon (lartol Pe search Foundation, Vnlvorslty 
of Dalawaro, Nswsrl, DE 197111, and Petar Meyer. 

Tha 19EE-1 spacecraft has provided over lour vests 
of continuous date (tod naarby interplanetary apses. 

By using dies* data toga t her with prs-lsunch calibra- 
tion data and precis* alacirvn spacers (ton balloon 
flights In 1<>79 and 1902 it Thonpacn, Manitoba, Canada 
wa monitor tho flux level ot approximately 1 CoV ton- 
mLc ray electron! with onn aonth time resolution. 

Thn nteplib* oasnt of modulation obaarvud (or posit iv, 
particles in 1*79 is also soan in slactroas conflm- 
isp that tba drain ant codulatlon ouchanlan I* not 
ucnnltlvo ta rbu charge of tho pnrticl*. Ilvatsrcsla 
affacta c-hscrv«d In tha provlous solar naxlr-un by 
Rurgor uod SwananburA (197)1 ara not trprojucod at 
cho prsaant solar naxltnm. A return to thu (alorlvltr 
higher a lact ron/proton ratios oT cha 196'->‘a la a 
strong poeelbtl itv. Conclusions muse b* dr.iwn with 
caiitloB, liouuvcr, sines tha overall tin, structura 
of tho prcionl aolar nastnun Ih algnlflcanllv dlf- 
Ivrom fron that ol Iht previous ons. i'‘o,mlc to <v, 
slan.tr.vn*, vo lur modulation, gradient jn.1 ..-urvaturo 
Jr I fra) , 

J. Csophva. Raa., A. Paper t#'S? 

Particles and Fields — 
Ionosphere 

3320 Electric (talda 

AN ENERGY PRINCIPLE FOF RICH-LATITUDE ELUTRD DYNAMICS 
O.D. Birbosa ([net I tut* oC Caophyilca and Nanatary 
rtiyntcR, UCLA, Loa Angolva, CA 90D2A> 

A theoretical modal for old- and hlgh-latUudt aloc- 
rrlc field, and current, «* constructed using Fourier 
analysis mat hods. A two-4lo»nilonal planar lonosphsre 
with no anhuncad conductivity auroral boll end llsld- 
nllgned currant* at tbo c-dgaa is Inployod. Th# poatu- 
lotu that th* electric field and currants adjust ialf- 
conn latently t« ailnlmlro tho global Joule dissipation 
rote dafluaa a thooratltnl raladon betvaa* rho prl- 
Bury and aacoodary ( lsld-al Ignod curraote. Thl* *o- 
cnllod Blnlnal dissipation cnn/igurstlon I* axanlnaJ 
us Inn aovoral Input Meld-allgnod current models aod 
graphical so tut Iona for the electric Hold and iono- 
spheric Curran! nra Shown . A dorello-1 dlacuaelon and 
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Incr iprtcatl.'.ii of Lha aoliiti-.-na with rolatloii co dl- 
vurse obsarvat ior.s and liigh-liK leuds pbcnTionology aro 
Inrluded. (Eluctrlc flolda. alocvrlr riirr.-nt*, lono- 
aphoro) , 

J. Cowphys. F. a. , A. Papiir MIlM 

'3T'l nigh l^tltudo [unosphorlc 'urrr-nts 
OPTICAL HAPPING OF UW. 'SPHERIC CO'illUCTIVITIK* 

9. B, Mends (l/vclhocd Palo Alta Sc-aaar.-t. La'-aratory, 

3231 Hanover Stroal . Palo AUo, Collfurnla 9(lhti, >. H. 
Kathsr , H. H. Srei, R. R. Vondrih. end 1, M. Sohlnaon 
lonnspharlr Hall and Pedervan cnndiKtnn.es ara derived 
fron auroral specrroacopl.- neasur.-asnl« obtained wlrb 
*• rid lan fanning phot. ^vetera. CGOdurt.vnccm arc Also 
derived Iron height prof II an of electron density 
obtained ulih tint Incnharr-nr scirrer radar at rhstanlk* 

In s coord I ns led erparlavnt alnnd al tonparlnR the two 
lachnlqual. Whtlo eonoral agrnraant Is obtmlno.l by 
using thaae basically dllforani oaihnds, tho 
dlsagrownts Uluairaie tho sdvantnRvs and llauntlonn 
of osrh stperlri'jnial ttchnlqua. The radar via Ids 
accurate values of conduct anew with United tenporal nnd 
apatlal resolution while ihr optical noeaurroanti 
provide loss accurarn veluoi at high tlv-a maolutlon on A 
over large regions of spare. Monosphorlc current!, 
auroras, electric Holds, psrtlclo praclpltmtiool. 

J. Ooophya. Ac*., A, Paper 3A1A74 

3530 UlRh-latltudn luncaph.'t Ic cut rente 
I SEE- 1 AND OBSERVATIONS I'F AN OSi.-lI.IJl7 lt.f. 01'TVAU. 
HC'Vlf* it'ANilll SHEET HEAR MIDNIGHT 

T. J. Felly (Atcoaphrtlc Science-, tiapsTlaani, llnlvaraliy 
of California, Us Angeles. California, 90>)24j, C. T. 
RusboII and F. J. U,ilker 

An ouLward Bovlrg current shea! la examined with the 
1 SEE— 1 and -2 Dagnetoaolcis. It la found llutc tho 
current ahaet la moving oucvatdi ulih a velocity ol 
about 17 ka/soc, a thlcboos* of al-ont 1)00 Im, and with 
tha currant flowing Inin the lonesphara. Use 1 1 laiioni 
ohsaevsd In thu magnet U flvld plofLU IndWata tho 
preaonca of a wave itavollng sU-ng the -current ahooi 
ftom aldnlght towarJa lha oast with a velocllv of 900 
lai/aac. Thn oacll lacloai ol the plains nnreal to Lha 
currant shset gssor lated with this wavs arc- sufficient 
to explain the anplltuda o[ tha Sinclair field oscil- 
lations la tha piano of tha current shesl observed h» 
the OCB electric field do Lector. In add l lion n strong 
alactrlc field la obssrvod normal to thu ahtci, tra- 
il-ending to a flow along th.< ihsot of tuO In/luc, which 
Ih cooaistODC with tho volwclty of the vmvo deduced 
from the Inicrastelllle liming of the oaci I lal ivia. Thus 
the wnvo le srai lonary in the frame oi the current 
ehoot plasma, This one I listing current xhont model 
exp I ulna lha ohsorved behavior of bath tha tugnol Ic nod 
alactrlc Held ubaetvatlons. Tho potential drop aciois 
th* cut rent sheet vis veiy large at this time, tl’JA kV, 
and Is coaparablo to the total n. -m.il pntontlal drop 
across th, polar cap. (f leld-,1 Ip.m-d current, electro- 
static shock, alactrlc field, nlt-cirlr potential dr-vpl. 

J. Oeophyi. Roa., A, Puper AAi)223 

5380 Wave Propagation 

NUMERICAL SIMUlATIONS OF INTENSIFY SC I KT I U AT TON USING 
THE POWER LAW PHASE SCREEN MODEL 

O. L. Sine iSsilo Phviics Labor al or,. SRI Internal Inna I 
333 Rarantwood Avenue, Hcnlo Perk, CA 9v015 ), I. Owen 

Slnulailone of red In. wave iclnt 1 1 1st ion in powor-law 
media wan performed to study th* siructuro -M Lha 
Intensity end phaie apa-tcia whan lha Frame! radlu, la 
ouch smaller than tha outer teals or ilia low- frequency 
limit of lha power-law raglnn In the tn-iltu Irregnlnr- 
Ity ■perlrue. Ihe raaulti verify the critical Japan- 
dan.:# of Inianilty ,c Inti liar Ion on the power- law lnde> 
aa pre.llrta.1 by both aoyrptotlc and mort roflnud 
thooratlcal computations. Secsuio ol more recant find- 
ings, the sclntl I IsLInn ctinrsc t#rl ■! les of propeMoilon 
In madia t hat sc tar I is.l l-y a Iwo-c-wnpc-nont p-owar law 
worn also Invsstlgatcd. Tht rasulia roconcllo Ihe 
Interpretation of •< Inti I lal Ion data from the Wideband 
■atollita which ihowa-l a ihsllow sloped pwsr-lBv 
phase ipaclruai with more recent intonalt, nr Ini 1 1 lal iw. 
data. (Scintillation, loroiphrrlc lirapulnt II Is* *. 

Rod. Sc I.. Papal 99')2)l 
55ot 

3399 <>uorjl tEquHtwrlal Spr,-od F) 

R.3Y1 FIGH-TATLOA | hXTASI LITt IK TIIK PRriE-JO nF A 
BTRATIFIFD SHEAR LAYER 

P. Sacyanarayans (Sclonca Application,, Inc., Nolann, 
Virginia 221021, P.N. Guidar, J.D. Huh* and S.t . 

OBBZkOW 

A nonlnral theory v( lha Pjylo Igh-Ts> loi Intlabfllty 
Whlch tncludea the allot i ol a tranavorae volnrllv 
ahoivr la praaculod. A two f Lu Id codel la veil in 
dnacrlbe an lnhmognn,oui plaaoa undac tha Influence 
cF gravity and ahaand uqul I Ibrluu flow velvclty, and 
co dative o dllfarent I j 1 aquae Ion deacrlblng Rho 
gonorsliiad Raylelgl.-Tavlor In, Lability. An asccnalvo 
paraaetrlc study Is ea.de In tha eol ilslonleaa and 
collisions) rag I ose. and tha corraspondlng dliporilric 
curvaa ira prasentod. The results are applied lo l),e 
equatorial f region and lu bsri.ia release, in Iho 
ionaapbsre. (Gravity, ahaar. Spread FI. 

J. Gtothva , Res.. A. Paper GA0J2? 
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New F-mpIrica] MrvdcK or llic Ucx-tnMI Tcnipeniiure nnd Rcnally in ihe Venus Ionosphere With ArplicnUon io 
Transicrmlnaior ITaw il'.pcr 3AIS42) . „ „ „ _ ... . 

R. h. Thel\. L. II. Urin e. R. C. £lphh\ iihJ II. G. Hurt 
Three-Dime nslonnl Riy Tmcina or ihe Jtivlnn Mogncitunlvere in Ihe Low-ITequency Rsngo i Paper 3AI90S1 
, J. D. Mrnlrul. J. L. Omen. 5. uiilkll. onJt.su 

Vntxlic lun Tcmpcmiurc Varinifon. In Ihr lo IlMfim Tonis (Paper 3AI8J*) ^ ^ ^ ^ ^ ^ 

Correlaikin Del ween ihe He/H Hallos in Upstream Panicle Lvcnisami In^ihe Solar^Win^ w Stholrr 

Msgneiopause Slraciure and ihe Quei.ion of Panicle Access, bill. gjg) ^ R m o Jj M (VlfAu/l 

The 90.kev Eleciron Durable Trapping Region (Paper 3A.6^I ^ p A _ ^ wutt _ G _ iMh „ 

Th*^ 1 Duiilbullon or RaJIsilon Hell Pnxaai: Approxlmaie Solution or ibe Steady Slolo Transport Equation Ot 
Arbitrary pitch Angle (Pnpor 3A 17081 ,, 

Streaming Reversal or Energetic Particles In ihe MagncioiiuT Dnrjng a Snbuam (Paper JAI.W1 .. r 

„ a.T. )'. Lnl. D. J. Williams. T. £. Eat MM. L. 4. Frank, and S.-I. Akaiq/H 

“® llasma Sheei Boumlnry Layer (Paper 3AI689) 

r. E. Eastman. L. A. trank, »»'. A. Peterson. anJ IV. Lennarts ton 
Toe Siruciure orihc Plasmo Sheet- Lobe Boumhr) in (he Earth's Magneiorall (Paper 3 AH*8I . a , 

Pi,„, „ s Orslnl, M. Cnndhli, V. Formisano. H.BMm A . “"i* ■ ” • ,°r 1 le 

H rv on D * n * i| y and Plasmapause Characierlsiics at h.ft Rq-. A Suillsilcal Siudy or the OEQS 2 Relnxoilon Sounder 

iK’Uim towBurt.wm.i-w 

° n c?rren!i* l0nlhlp Uemeen Mor n |n B Secior Irregular Mngnetlc Pulsations and Fleld-AHgpcd 

nL J ; pwebrcison, L jfcaMU, Jr., T. A. Poiemra. L. J. Zanettl. R. L. Arnolds. S. B. Uendr. and T. J. Rosenbern 
°*al Ionospheric Currem Dl.irlknilions Dutiog Subsiorms fPsper 3A17J8» fl ^ ^ (|fl|fW 

Vefoclly Spike al .be Poleward Edge or Ihe Auroral Zone (Paper 3A1839) ^ B(BHar Jt er e and R. A. HreHs 

' he ,^. l8,ma Wave Environment of an Auroral Arc: EJectroumlc Ion Cyclorron Waves In ibe Diffuse 
Aurora (Paper 3AI909) E. A. Bering 

^rouaiic H ydrogefrCvcIolron Wave Emission Below ihe Hydrogen-Cycloiroo Frequency in lb? Auroral 
AceteraUoni^on iPaperdA.WIl Afogemfc. U *■ V. 

5 n l? ne ? ui Obxervailons of ELF Waves From an Artificially Modulated Auroral Glean#! In Space and on ibe 

Phase ... - <P ** r 3A 17521 //. a. James. R. /.. Don-den. M. T. RHtnreti. ^ 11 Kopkfi 

^ MWsorcmems of Whlsiler Mode SlgnaU From The Slple VLF Transminer tt^pw ; Ugg, ^ R ^ wrfftl , rW 

Iniensliy and Ptrfartwiion Characlerisllc* of Whhilers Deduced From Muld-Smtlon OterMtan 

^ Layer loplggtiun Patches In ihe Polar Cap (Pdper 3AI4J9I .. . ■ L, iw n.iniiclt 

Davodw 7 ' We f* r ' J - 8(fi'/ioN, J. O. Moose. J. R. Shorter. R. C. Livingston. J. D. Wltmlngham. ,utd B. IP. ReWscH 
«r*we Auroral pynamJcs (Paper 3A 1637) R. II. Lather 

* Ph0l « Yields for Proion Aurorae in an Ny A.mosphere ^ ‘ fl .. Neumann 
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Particles and Fields — 
Magnetosphere 

37)3 Elaccrlc Flalda 

RELATIONSHIP OP DU5F SECTOR RADIAL TLECTB1C FIELD TO 
ENEMY DISPERSION AT T8E INNER EERIE OF THE ELECTRON 
PLASMA SHEET 

J, L. Horvlcz (Physic, Dapartmanc, The Unlveralcv of 
Alabama In Hustavllla, Huncavllla, Alabaoa 33899) 

Ic La shown Chit, •■timing conditions of 
approRlaat, steady leata and that chi luv-to-oid too 
a lac cron, farming cha plan, sh»*c lllsar adge 
origin,!, fro* * source In cha magnate tall , cha 
radial alactrlc field lo cha duak aaccor can ba 
ralacad co cha radial anargy dfaparalon of cha plains 
ahaac Jnoai boundary aa 

aF' 1 *’'" 

uhart (N,1 rapraaanca tha anargy of cha electron 
lunar boundary. An (nrrmaalng elaccrlc (laid 
covenant vlch radial dlatenca I* obtained fro* 
recent naitureaanea of plasma shut lmar edge 
•lactron energy dispersion. 

J. Oeophyi. Ha,., A. Papir AA020B 


3719 (Hagnitcpausa) 

THE D7STPllim«l CS RECtdfHECTICN GSOHETRY IM PWJ TRAKST 
EVENTS 0gn<C DiEMETIC IW, PLASMA AND MAGNETIC FATA 
p. W. Daly (Fpaca Sclaocs Daparccent of 8SA, EflTEC, 2IGD 
AO Hoordwijk. The Natl.rrlarJsl , M. A. fliuiutors, 

R.p. Ri jots ok, 11. DCXcij-ka, C. T. Russell 
A survay of cha locations of flux Iranifor ovdnra at t 
dayalda cagnsCoyeuio ht, teen undo, taken with cxuphaaia o 
th* dlracllcn o( cha snergeclr lor. enlaoccopy elan.] tho 
magnetic flald. Tha Initrucanc us.nl 1* die medium anarq 
pirclclo *paccro*ucar on toud I SET-2. Th* ovanH studl- 
are frera 1977 .mi I-*?®, giving caverago war th* oMnlng 
and ofterc-x-n aide, within latitude rar.jo -10° ta -40 . 

Tha anisotropy la an uianblgugus indicator of the heal- 
■pnara Iran whlcn the ct-aorvud i-erdclee arc oaoplng. 
HagnoUc data fro* tho E lungs ta aagriacocecoi anJ plasoa 
data from lha (a*c pirns ozportaanc have also peon ,lud 
lha aagnaelc slqnatur* ran be mod .to .loci do tne .llroctl- 
of motion of cha avont wlU. rae| aat *o tF.o anhlonc flald 
whllo th* ebanga in plsama bulk velocity allows ono to 
aatluCD tha direction or nagnetto tanilon In tRn rocon- 
neotad flald line.' Apparent dliagrevvinta between tha' 
magnetic signaturu lf«tll«i-nq<Clw Indicating noriinu 
miUonl and partldo anlaoetopy lyarallol to tho field. 
Indicating southern connootlci&i ara raaoLved by the plaa 
data, whlcn ahar that tho hulh Inarthward) plsama vpemd 
ozceedn cha Alfvdn apoad. and thus thoaa ,oueh Oornocud 
event, aro blown northward Pescur than naqnotlo Mnalati 
pglla thorn Bonthwarq. Ttw nagnuua atgnatura lm tharafa 
an mualloM* Indication of the hsmUfhsro of conntcLlon 
with tills sffsot taken Into cgnaldaration tha overall 
pattern 1* that of an equatorial ca(iu>r than n high latl 
tuda aoutsa for flux transfer nwonts.'' I Flux tranbfor 
aranta, partlolo mauaramsnta,. magnet la (L aide I - 
J. Geophya. Re*., A. Paper 4A92M 

5770 Bhort-parlod variation* of magnetic flald 
A Scanm-IUBMOIIG GEOKACllSTrC F10LD LINS *Zj««C0 AT. 
IHE INNER EDGE O t THE PLASMA JHEETl 0E09 1, Ulg'.l 
AND I3E1 2 OasraVATIQHI - r. 

V.J, Hugh*, (Psparcmsut it AitnmeqJ, Boston W Iverally, 
. Boston, HA 03215, USA) , and R.J.L. Crard 

US describe obaarvatlona made hr ttU l. Utf 1 and, 

; ISEE 2 of a hyd remap! tic wave with a par lad a. 9a a • 

- observed 'Mat 02 LT batwqtn L » 9 ap'd L - 6, Clone to 
' tha me an rad lonar boundary of' Eba pLa*aa ahaat. Tba" 
yarn mapallm o'aoillarlooa parpendlculnr td «A RlOna i 
' (ba akklaat flald had a lal Lor amplitudes. CaULg 
primarily tba trSnsvari* mapatle ccaponsnts w* show 1 
that cha Wave la q latomd harmonic riioimti of the 
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lacal |e--a.gnw(U- fltlJ 1 li.ua. I&C1 1 unU J 
observed ihe oppaelle lanee of polar tree l-.il toi ebJ.H 
J® min although the apacaciuli vora aapariiloJ b.- crtlv 
9 alp In Lha lr orblii thla rucarkabla Faaturo eannol 
hu u* plain, J Vv vltVi.r n tl 1 > M.ei: ,,-nl.il Ivei-]|| 
er a elnpl* iac|-urjl b:-uf..Jar but -tvnld rxei.lt » r --. 
a rapid rovaaeat t( the rgeanart ie,lcn. A- 
that the next lltoly eourfcv ,our>« In bounce roe-i.ai 1 '.- 
wLth cedlua cnaigy iv 3 kmV) ton,. Calcul-it l-.-ns 
al t lie wav. Povnliag veciui at ISEE I support chl« 

eonclualvn. 

J. Cr.-phy,. Hon., Paper CgAJiV 


■7*.' Vive P i o p Jp j l I c-f. 

hEPlFVAllp-. "F Ah OvtILlATIb.. -ll'MTIt HI". illt.L AI 
THHEE LV.-..TK-.H 

l.J. ■: JM I I ii:hnol of rt.tict er.ll tstrwura... l-nl-.r.ii, 
01 Ml nr.i iota. H i nni ape- 1 11 . Hlnr- .C'x. V.?!', >!■ tu.- 
lura. :..C. Lin. C.L. Arnc-lilv. E..1-. Vhtwlai.. M.i- Lnj.-. 
b-r » I «"f end B indie. 

t-n |t Jo 1 . 1**1, Id,-.', ii. IDJi. I'l , a -CC-pt.' ■ reer.ii l- 
puli" lun event vai oblrrvtd near the m,n t tl^ >li-ll 
Ia In rh- leial aliernoon. i large rgnuli Horn 
w.ii In prngcesi .ir.J bed precrudod (a th.- ..irl, ruce.rt. 
phis.- . A triitii.ri. puLtatinn (h.-n diYeh-p.d wllb prl- 
l---d r.«,r irn SrCunJ, and nr-plllwde about 5 nl . N-jr 
VI ihi, p-ul tat Jon drt.oaicd abrupt I. and .ii r. - 
pilled b. « -- ire ond trjpivtre.- pulaaclai.- Fiv 1111 l"l 
ih.- -- ireond puleuon uxs lading jnd a iw n. rand xil- 
toihol pel. it Ion developed rep Ml), lr tln.li dr- 
creeled In u.plltudr jIi.t 1^10 t'T jnd w.i« guns bv 1 “ 1«- 
U7. 

Th.< eve’ll vis observed al ikr lt -1 willllc- noer lit 
equator In both electric ar.J iragner ic Hold eorponent. 
and ii the ground rsgncrlr c-bsc rvetorlus Mpir. Ant- 
ercilce, nnd Rnt-ervel, Quebec. IV to ’I” wait of DL-I 
and at oppoelte ends ol an L • A..' Held lino- The 
100 a and 2-0 , pul an Ion, were 1unda.-enc.il ■ toraldal, 
re.anini o,c I Mat Iona of a njgnoi Ic field shnll. 

Slnro the Mrii 180 l puliation alerted and acopped 

■ Inul tan.-DU, I » at all ihr., local ions and the corn— 

■ pa ruling eigr.etlc pul so lions rrralned In phase nr all 
throe location,, this ts Interpreted la t-o s large 
Kill toroidal oiclllatlan of on* reserant Field ahall. 

■ Vav,- pr-.-pagaL icnl. 

J. Guaphyl- Rea., A, Papar 4 AM") 
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HAVE mtHAL DIRECTIONS OP CHOKUS NEAR TUB EQUATORIAL 
S0UHCK REGION 

I. E. Golds ruin (Jar Propulalon Laboratory, California 
Institute al Technology, Foaedana, Calliornla, 91109), 
aid H. T, Taurutank 

Uava propagation dlrtccloua of poat-mldDtghc chorus 
In thin near-squat oriel region at L shall* of i to 7 
have been date ruined from OCd-3 crlaalal asacoh coll 
•agnstnmatar data. Sevaral malhod, vim iiaad ro 
astlmata Iho vava numal dl race less ■ iltlnu variance, 
ioaglaary part of croaa-apactral naErlx, utga eracior . 
of Karel r ten eroaa-apoctral marrfi, and fit of 
dloparaiao relatione for oni-wsva and twa-vava modal* 
to CMi'i-apeceral matrix. Comparlaoaa of tha aathod* 
aod result a arm discussed lo detail. Vava propagation 
at ml( (requancfai wtihln ohonia tonai wa found <« 
occey ooat fraquaatl) algog cha migaatlc flald tflcfa 
••diaa and araragd cone eagle a of 9,t°, aod 12.2°, 
respectively. All mathAda .of aailyaia gave ,1ml lax 
raaulls. It la concludid that tba diva grouLh la 
oaxlMua far wave, propagating parol lol to 1. Our 
raaulti ara canalattat with Miiln lm a narrow b*ami 
but nor ai • broad, angular distribution. The im.viyi 
ptopagstioo modal typically raoultad it negligible . 
loproveefBle la tha rualdual baydifd that obtalond by 
aaanmlng chat oaky oat wave was present . In only '! 
fan cries did inhl last lal tmprovemsot result. These 
oaaaa warm uauaual parloda phdq It wan obvloua that . 
■ imy lr anew* rising and .falling tons aalaalona vert 
preaaat and cnaalng. . Ic la concluded time lo seat : 
Casa, only on* chorus wave van preiaot. la .soma cqtai 
the . t*o-wave modal glvnamldleadlng Indie at Loon 'of 
wavs'* with large anargy fluxes .propagating - at war/, 
oblique an« la, negg tba resonance cona. This 1* ' 
beceuee the wava 1 group velocity goal to m(o near ilia 
. qaaanenea cons, end If eLeotrle (laid' data are not 
Iliad,' tha* a small amaaoc of oagnetLe oolae la oo deled 
with a large wmv* eo*rg7 Hu»* -Soma eMeplu Hava,..' 
baan fowod of a lover frequency torsi prupega'lpg 
almost aqactly along tbalmagoauo (Laid followed by. a 
higher fcaquaocy burst c ravel ling at liatga angle* to 
tbo aagaatlc Hold. . Tha* a 1 pal rqd buret* ara 
quadlperlodlo. with a ■ daisy ' of about ala aeraoodo 
between pair* of boratai tha phenodwioq la presumed to 
b* aMonlatod wlif. pnlaat log / aatorll patches. Tba 
physical, imputations am digressed. ' {Chotva, wave . 
ijor^ala^ plasma Inete^Ult l jj^^srrren praclpl ta< look 
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